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EXPLORATORY TEST DRILLING 
A N D  PRELIMINARY W A T E R  RESOURCE EVALUATION 

PLAIN€ D E  L'ARBRE-HAITI 

H a r z a  E n g i n e e r i n g  Company ( H a r z a \  w a s  r e t a i n e d  b y  t h e  

H a r m o n i s a t i o n  d e  l l A c t i o n  d e s  C o m m u n u a t e s  H a i t i e n n e s  O r g a n i s e e s  

(HACHO) t o  c o n d u c t  a s t u d y  t o  c o n s t r u c t  e x p l o r a t o r y  t e s t  w e l l s  

a n d  m a k e  a  p r e l i m i n a r y  a s s e s s m e n t  o f  t h e  g r o u n d  w a t e r  r e s o u r c e s  
,e 

o f  t h e  P l a i n e  d e  l l A r b r e  ( P l a i n e )  i n  H a i t i .  T h e  s t u d y  a r e a  i s  ' 

l o c a t e d  o n  t h e  s o u t h e r n  s l o p e s  o f  H a i t i ' s  n o r t h w e s t e r n  p e n i n s u l a  

a n d  h a s  a n  a r e a  o f  a p p r o x i m a t e l y  2 0 0  s q u a r e  k i l o n e t e r g  

( E x h i b i t  1 ) .  T h e  s t u d y  w a s  c o n d u c t e d  b e t w e e n  S e p t e m b e r  1979  a n d  

J u l y  1980 a n d  i n v o l v e d  r e v i e w  o f  p r e v i o u s  r e p o r t s  a n d  o n - s i t e  

r e c o n n a i s s a n c e  a n d  e x p l o r a t o r y  t e s t  d r i l l i n g .  

D u r i n g  t h e  s a m e  p e r i o d ,  H a r z a  a l s o  c o n d u c t e d  e x p l o r a t o r y  

t e s t  d r i l l i n g  i n  t h e  P l a i n  u n d e r  a s e p a r a t e  a g r e e m e n t  w i t h  t h e  

U n i t e d  S t a t e s  Agency  f o r  I n t e r n a i o n a l  D e v e l o p m e n t ,  H a i t i  M i s s i o n  

T h i s  r e p o r t  d e s c r i b e s  t h e  w o r k  a c t i v i t i e s  t h a t  w e r e  c a r r i e d  

o u t  u n d e r  b o t h  p r o g r a m s  a n d  p r e s e n t s  s t u d y  f i n d i n g s .  



Obfectives 

T h e  principal objective of the study was to identify 

favorable well-drilling locations and to develop a s  many 
+ 

production wells a s  practicable within the limitations o f  the 

ground water resource snd available funding. Specifically, thc . 
study was intended to: a) identify localities where there i s  

pot.entia1 Tor ground-water development by wells; b) substantiate', 

t h e  availability, quantity, and quality o f  supplies at specific 

locations by drilling and testing of exploratory wells; and 

c) develop the resource, whenever possible, by construction o f  

production wells. 

T h e  long-term study objectives were to: a) provide a 

preliminary ass&isment of the quantity and quality .of available 

ground-water resources in the Plain, and b) use study findings a s  

a basis for subsequent investigations that may be required for a 

more complete evaluation o f  the available resource. Because of 

budget. limitations, the long-term objectives were considered of 

secondary importance to the study. 

Scope 

T h e  study was conducted in two phases. Phase I involved 

preliminary investigations that were directed at identification 

of test areas and formulation o f  a test drilling program. Phase 

I 1  involved actual installation end testing o f  exploratory wells. 



The r e s u l t s  o f  t e s t  d r i l l i n g  were c o n k i n u a l l y  u s e d  t o  u p d a t e  t h e  

d a t a  b a s e  a n d  r e v i s e  d r i l l i n g  p r i o r i t i e s .  L i a i s o n  w a s  m a i n t a i n e d  

w i t h  H A C H O  a n d  A I D / H a i t i  t h r o u g h o u t  t h e  s t u d y .  

P r e l i m i n a r y  I n v e s t i q a t i o n s  . 
The  p r e l i m i n a r y  i n v e s t i g a t i o n s  i n c l u d e d  a )  l i t e r a t u r e  

P 

r e v i e w ;  b )  i n v e n t o r y  o f  w a t e r  s u p p l y  s o u r c e s ;  c )  a  f o r m u l a t i o n  o f  

t e s t  d r i l l i n g  p r o g r a m ;  a n d  d )  p r e p a r a t i o n  o f  t e c h n i c a l  

s p e c i f i c a t i o n s  f o r  w e l l  d r i l l i n g ,  i n s t a l l a t i o n ,  a n d  t e s t i n g .  

L i t e r a t u r e  Rev iew 

. . . . . . 
P r e v i o u s  r e p o r t s  on t h e  l o c a l  a n d  r e g i o n a l  g e o l o g y  a n d  

h y d r o g e o l o g y  o f  t h e  s t u d y  a r e a  w e r e  r e v i e w e d .  T h e s e  r e p o r t s  h a d  

b e e n  c o l l e c t e d  d u r i n g  H a r z a ' s  i n i t i a l  work f o r  A I D  ( H a r z a ,  1 9 7 9 ) .  

R e l e v a n t  s e c t i o n s  were r e v i e w e d  i n  t h e  f o l l o w i n g  r e p o r t s :  

Woodr ing  e t  a 1  ( 1 9 2 4 ) ;  FA0 ( 1 9 6 9 ) ;  a n d  M a r t i n  a n d  Moussu ( 1 9 7 7 ) .  

The FA0 r e p o r t  (FAO, 1 9 6 9 )  w a s  o f  s i g n i f i c a n t  r e l e v a n c e  t o  

t h e  p r e s e n t  s t u d y  a s  i t  i n c l u d e d  t h e  f i n d i n g s  o f  a n  e x p l o r a t o r y  

t e s t  d r i l l i n g  p r o g r a m  a n d  o t h e r  f i e l d  work t h a t  h a d  b e e n  c a r r i e d  

o u t  by them i n  t h e  s t u d y  a r e a  o v e r  a  f i v e - y e a r  

p e r i o d  ( 1 9 6 2 - 1 9 6 7 ) .  The g e o l o g i c  map a n d  s e c t i o n s  i n c l u d e d  i n  

1/ R e f e r e n c e s  e r e  l i s t e d  a t  e n d  o f  t e x t .  - 



t h e  FA0 r e p o r t  were u s e d  e x t e n s i v e l y  t h r o u g h o u t  t h e  p r e s e n t  

s t u d y  

9 
I n v e n t o r y  of W a t e r  S u p p l y  S o u r c e s  

, 

S u r f a c e  s p r i n g s  a r e  t h e  s o u r c e  o f  w a t e r  s u p p l y  f o r  t h e  g r e a t  

m a j o r i t y  o f  t h e  i n h a b i t a n t s  i n  t h e  s t u d y  a r e a  a t  ' p r e s e n t . ' ,  

F i f t e e n  (15) s p r i n g s  h a v e  b e e n  i d e n t i f i e d .  The s p r i n g s  i s s u e  

f r o m  b e d r o c k  o u t c r o p s  a n d  a r e  g e n e r a l l y  l o c a t e d  a t  o r  n e a r  

t h e  b a s e  o f  t h e  m o u n t a i n o u s  t e r r a i n  w h i c h  f o r m s  t h e  i n l a n d  

b o u n d a r y  o f  t h e  P l a i n .  T h e  l o c a t i o n s  o f  a l l  s p r i n g s  a r e  shown on 

t h e  l o c a t i o n  map i n  E x h i b i t  1, a n d  t h e i r  c h a r a c t e r i s t i c s  

i n c l u d i n g  w a t e r  q u a l i t y  d a t a  a r e  s u m m a r i z e d  i n  E x h i b i t  2 .  . . . . 

A much l e s s  s i g n i f i c a n t  s o u r c e  o f  w a t e r  i n  t h e  s t u d y  a r e  a t  

p r e s e n t  i s  a  s m a l l  number  o f  l a r g e  d i a m e t e r  s h a l l o w  ( g e n e r a l l y  

l e s s  t h a n  50  f e e t  d e e p )  h a n d  dug  w e l l s , t h a t  p r o v i d e  w a t e r  s u p p l y  

l o c a l l y .  Abou t  h a l f  a  d o z e n  s u c h  wells were v i s i t e d  i n  t h e  

c o u r s e  o f  t h i s  s t u d y .  A l l  o f  t h e s e  w e l l s  a r e  l o c a t e d  w i t h i n  

a b o u t  o n e  k i l o m e t e r  f r o m  t h e  c o a s t ,  w h e r e  t h e  w a t e r  t a b l e  i s  

n e a r e s t  t o  t h e  l a n d  s u r f a c e ,  a n d  t h e  w a t e r  i n  t h e s e  w e l l s  i s  

b r a c k i s h  ( a b o u t  2 0 0 0  p a r t s  p e r  m i l l i o n  t o t a l  d i s s o l v e d  s o l i d s ) .  

A w i n d m i l l - o p e r a t e d  pump i s  u s e d  i n  o n e  s u c h  we l l  n e a r  Anse  

Rouge;  i n  t h e  r e m a i n d e r  o f  t h e  w e l l s  a b u c k e t  a n d  r o p e  a r e  u s e d  

f o r  l i f t i n g  t h e  w a t e r .  



D r i l l i n q  P r o q r a m  F o r m u l a t i o n  

F o r m u l a t i o n  o f  t h e  t e s t  d r i l l i n g  p r o g r a m  was i n t e n d e d  t o  

i d e n t i f y  a n d  r a n k  t e s t  a r e a s  a n d  d q i l l i n g  s i t e s  b a s e d  on  

a v a i l a b l e  i n f o r m a t i o n .  To a c h i e v e  t h i s  o b j e c t i v e ,  t h e  f o l l o w i n g  

work a c t i v i t i e s  w e r e  c a r r i e d  o u t .  

1' L i t h o l o g i c  l o g s  a n d  g e o l o g i c  maps a n d  ' s e c t i o n s c .  - 
a v a i l a b l e  f r o m  t h e  FA0 r e p o r t  were u s e d  t o  i d e n t i f y  

p o t e n t i a l  s h a l l o w  a n d  d e e p  a q u i f e r s .  

2 .  T o p o g r a p h i c  maps a n d  s t r e a m f l o w  d a t a  were u s e d  t o  - 
i d e n t i f y  " d i s a p p e a r i n g "  s t r e a m s ,  c o n s i d e r e d  t o ,  b e  

i n d i c a t i v e  o f  s h a l l o w  g r o u n d - w a t e r  a q u i f e r s .  
. . 

3. E a r t h  R e s o u r c e s  T e c h n o l o g y  S a t e l l i t e  (ERTS) i m a g e r y  o f  - 
t h e  s t u d y  a r e a ,  i n c l u d i n g  b l a c k  a n d  w h i t e  a n d  i n f r a r e d ,  

w e r e  o b t a i n e d  a n d  u s e d  t o  d e l i n e a t e :  a )  d r e i n a g e  r 

p a t t e r n s ;  b )  u n c o n s o l i d a t e d  d e p o s i t s  a n d  b e d r o c k  

o u t c r o p  a r e a s ;  a n d  c )  l i q e a m e n t s  a n d  s u r f i c i a l  f e a t u r e s  

o f  b e d r o c k  j o i n t s ,  f a u l t s ,  f r a c t u r e s ,  d i s p l a c e m e n t s ,  

e t c .  

4. L i m i t e d  f i e l d  r e c o n n a i s s a n c e  was  made t o  v e r i f y  - 
a v a i l a b l e  g e o l o g i c  i n f o r m a t i o n  a n d  t o  o b s e r v e  r o c k  

o u t c r o p s  a n d  s u r f a c e  g e o l o g i c  f e a t u r e s .  



B a s e d  o n  t h e s e  a c t i v i t i e s ,  a  t e n t a t i v e  d r i l l i n g  p r o g r a m  w a s  

p r e p a r e d .  D r i l l i n g  s i t e s  w e r e  i d e n t i f i e d  f o r  s h a l l o w  wells ,  t o  

b e  c o m p l e t e d  i n  t h e  u n c o n s o l i d a t e d  d e p o s i t s  o r  u p p e r  50-100 f e e t  

o f  u n d e r l y i n g  b e d r o c k  f o r m a t i o n s ,  a n d  d e e p  w e l l s ,  t o  b e  c o m p l e t e d  

i n  d e e p e r  b e d r o c k  u n i t s .  T e n t a t i v e  s i t e s  f o r  s h a l l o w  wells w e r e  

s e l e c t e d  i n  f o u r  t e s t  a r e a s  a s  d e s c r i b e d  b e l o w .  

1. T h e  a l l u v i a l  a r e a  o f  t h e  C o l o m b i e r  R i v e r  w a s ' s e l e c t e d -  - 
f o r  t e s t  d r i l l i n g  o n  t h e  a s s u m p t i o n  t h a t  t h e  

u n c o n s o l i d a t e d  m a t e r i a l  t h e r e  w o u l d  b e  t h i c k  a n d  we l l  

s o r t e d .  A l s o ,  t h e  FA0 s t u d y  i n d i c a t e d  t h e  o c c u r r e n c e  

o f  some g r o u n d  w a t e r  s u p p l i e s  i n  t h i s  a r e a .  

The  u p p e r  p a r t  o f  t h e  p l a i n  a r e a  n e a r  t h e  a d j o i n i n g  

h i l l s  a n d  m o u n t a i n s '  w a s  s e l e c t e d .  a s  a .  t e s t  a , r e a  o n '  , t h e  

a s s u m p t i o n  t h a t  t h e  u n c o n s o l i d a t e d  m a t e r i a l  t h e r e '  

s h o u l d  b e  c o a r s e r  t h a n  e l s e w h e r e  i n  t h e  P l a i n . .  A l s o  

a n y  w a t e r  o b t a i n e d  f r o m  w e l l s  l o c a t e d  i n  t h i s  a r e a  c a n  

f l o w  by g r a v i t y  t o  t h e  r e m a i n d e r  o f  t h e  P l a i n  

d o w n s l o p e .  

3 .  Some t e s t  w e l l  l o c a t i o n s  were s e l e c t e d  a t  t h e  e n d  o f  - 
" d i s a p p e a r i n g f f  s t r e a m s  i n  t h e  f l a t  a r e a s  o f  t h e  P l a i n .  

4. One t e s t  well  l o c a t i o n  w a s  s e l e c t e d  n e a r  t h e  c o a s t  i n  - 
a n  a t t e m p t  t o  m e e t  w a t e r  s u p p l y  n e e d s  f o r  t h e  c o a s t a l  

town o f  C o r i d o n .  



T e n t a t i v e  s i t e s  f o r  d e e p  we l l s  w e r e  s e l e c t e d  c o n s i d e r i n g  t h e  

f o l l o w i n g  two  c r i t e r i a :  

d e t e r m i n e d ' c o n s i d e r i n g  t h e  fo l10 ,win . t~  c r i t e r i a :  . . 

The 

The  e s t i m a t e d  d e p t h  t o  t h e  p o s t u l a t e d  b e d r o c k  a q u i f e r s  

w a s  t h e  c o n t r o l l i n g  c r i t e r i o n  ' u s e d  i n  s e l e c t i n g  t h e  

d e e p  w e l l  s i t e s  n e a r  t h e  m o u n t a i n s  a n d  a t  l o c a t i o n s  

w h e r e  t h e  b e d r o c k  a q u i f e r s  were b e l i e v e d  t o  b e  n e a r e s t  

t o  t h e  l a n d  s u r f a c e .  .P 

A n o t h e r  c r i t e r i o n  u s e d  f o r  s e l e c t i n g  t e n t a t i v e  s i t e s  

f o r  d e e p  t e s t  wells was  t h e i r  p r o x i m i t y  t o  s p r i n g s  a n d  

f a u l t e d ,  f r a c t u r e d ,  a n d  j o i n t e d  b e d r o c k  o u t c r o p  a r e a s .  

i n i t i a l  r a n k i n g  o f  t e s t  a r e a s  a n d  d r i l l i n g  s i t e s  was  

S h a l l o w  w e l l s  were g i v e n  h i g h e r  p r i o r i t y  t h a n  d e e p  

w e l l s .  

S i t e s  l o c a t e d  n e a r  p o p u l a t i o n  c o n c e n t r a t i o n s  w e r e  g i v e n  

h i g h e r  p r i o r i t y  t h a n  t h o s e  t h a t  a r e  f a r  away.  

S i t e s  l o c a t e d  i n  a r e a s  w i t h  h i g h e r  p o s s i b i l i t y  t o  

d e v e l o p  g r o u n d  w a t e r ,  b a s e d  o n  i n f o r m a t i o n  a l r e a d y  

a v a i l a b l e ,  w e r e  g i v e n  h i g h  p r i o r i t y .  

T r a v e l  t i m e  f o r  m o b i l i z a t i o n  a n d  d e m o b i l i z a t i o n  was  t o  

b e  m i n i m i z e d .  



T e c h n i c a l  S ~ e c i f i c a t i o n s  

T e c h n i c a l  s p e c i f i c a t i o n s  f o r  d r i l l i n g ,  c o n s t r u c t i o n ,  

d e v e l o p m e n t ,  a n d  t e s t i n g  o f  wells  were p r e p a r e d .  A c o p y  o f  t h e s e  
\ 

s p e c i f i c a t i o n s  i s  a t t a c h e d  i n  A p p e n d i x  A .  

D r i l l i n q  P r o q r a m  

D r i l l i n g  a n d  w e l l  c o n s t r u c t i o n  w o r k  w a s  c a r r i e d  o u t  i n  t w o  

time i n t e r v a l s :  3 0  S e p t e m b e r  t h r o u g h  2 1  November ,  1 9 7 3  a n d  1 4  

A p r i l  t h r o u g h  1 0  J u n e  1 9 8 0 .  T h i s  w o r k  w a s  c o n d u c t e d  by  H a i t i  

W a t e r  S u p p l y ,  S.A. ,  o f  P o r t  Au P r i n c e .  

A l l  d r . i l 1 i n . g  was,  o n e  b y  d i r e c t  r o t a r y  u s i n g  g t r u c k - m o u n t e d  
.. . . .: 

CF-15 d r i l l i n g  ;ig m a n u f a c t u r e d  b y  G e o r g e  E .  F a i l i n g  Company o f  

E n i d ,  O k l a h o m a .  A m a n u f a c t u r e r ' s  b r o c h u r e  d e s c r i b i n g  t h i s  r i g  

c a p a b i l i t y  is  i n c l u d e d  i n  A p p e n d i x  B .  Weli d e v e l o p m e n t  w a s  

c o n d u c t e d  by a i r  s u r g i n g  a n d  b a c k w a s h i n g  u s i n g  a  p o r t a b l e  a i r  

c o m p r e s s o r  a n d  s u r g i n g  a s s e m b l y .  P u m p i n g  w a s  c o n d u c t e d  by  a i r ,  

o r  b y  u s i n g  a  s u b m e r s i b l e  o r  v e r t i c a l  t u r b i n e  pump, d e p e n d i n g  o n  

wel l  d e p t h  a n d  d e p t h  t o  t h e  w a t e r  t a b l e .  

T h e  d r i l l i n g  p r o g r a m  i n v o l v e d  d r i l l i n g ,  l o g g i n g ,  a n d  s a m p l e  

s t u d y ;  c o n v e r s i o n  o f  t e s t  h o l e s  i n t o  t e s t  w e l l s  by  i n s t a l l a t i o n  

o f  c a s i n g  a n d  s c r e e n ;  a n d  d e v e l o p m e n t  a n d  t e s t i n g  o f  wells.  T h e  

w o r k  a l s o  i n c l u d e d  d e e p e n i n g ,  c l e a n i n g ,  a n d  d e v e l o p m e n t  o f  a n  

a b a n d o n e d  o l d  w e l l  t h a t  h a d  p r e v i o u s l y  b e e n  i n s t a l l e d  i n  t h e  



c o u r s e  o f  t h e  FA0 s t u d y .  T h i s  we l l  i s  l o c a t e d  i n  t h e  C o l o m b i e r  

B a s i n  a b o u t  3 k i l o m e t e r s  n o r t h e a s t  o f  H - 1 .  

Test H o l e  D r i l l i n q  -- 
\ 

A t o t a l  o f  1 4  t e s t  h o l e s  (H-1 t h r o u g h  H-14) a n d  t o t a l  

f o o t a g e  o f  4 4 7 2  f e e t  w e r e  d r i l l e d .  T h i s  i n c l u d 6 d  1 2   shallow^ 

h o l e s  (H-1 t h r o u g h  H-12; 2 8 9 2  f e e t )  a n d  2  l l d e e p l l  h o l e s  (-H-13 a n d  
/ 

H-14;  1 5 8 0  f e e t ) P / .  The  l o c a t i o n s  o f  a l l  h o l e s  a r e  shown on  

E x h i b i t  1 a n d  t h e i r  c h a r a c t e r i s t i c s  a r e  s u m m a r i z e d  i n  E x h i b i t  3. 

d i a m e t e r  b i t .  The " d e e p "  h o l e s  w e r e  d r i l l e d  w i t h  a  1 2 - i n c h  b i t  

t o  4 0 0  o r  4 2 0  f o o t  d e p t h ;  a  5 1 / 2 - i n c h  n o m i n a l  d i a m e t e r  b i t  was  

. u s e d  i n  d r i l l S i . n g  t h e  l o w e r  s e c t i o n s  o f  t h e  " d e e p "  . h o l e s .  . - 

I n  a l l  o f  t h e  t e s t  h o l e s ,  l i t h o l o g i c  s a m p l e s  w e r e  c o l l e c t e d  

fr'om f i v e - f o o t  i n t e r v a l s  a n d  d e s c r i b e d .  I n  some o f  t h e  h o l e s ,  

e l e c t r i c  r e s i s t i v i t y  a n d  s p o n t a n e o u s  p o t e n t i a l  l o g s  were r u n  

u s i n g  a  m a n u a l  l o g g e r .  A l l  t h e  l o g s  p r e p a r e d  d u r i n g  t h i s  s t u d y  

a r e  i n c l u d e d  i n  Append ix  C .  

T e s t  Well C o n v e r s i o n s  -- 

A t o t a l  o f  8 t e s t  h o l e s  w e r e  c o n v e r t e d  i n t o  t e s t  w e l l s .  

T h i s  i n c l u d e s  6 " s h a l l o w "  h o l e s  (H-1; H-2; H-3; H-10; H - 1 1  a n d  

2 /  The t e s t  h o l e s  d r i l l e d  u n d e r  t h e  H A C H O  c o n t r a c t  a r e  - 
d e s i g n a t e d  " s h a l l o w 1 1  a n d  t h o s e  d r i l l e d  u n d e r  t h e  AID 
c o n t r a c t  e r e  d e s i g n a t e d  " d e e p "  



H - 1 2 )  a n d  t w o  " d e e p "  h o l e  (H-13 a n d  H - 1 4 ) .  A t e s t  h o l e  w a s  

c o n v e r t e d  i n t o  a  t e s t  wel l  by  i n s t a l l i n g  c a s i n g  a n d  s c r e e n .  I n  

t h e  m a j o r i t y  o f  t h e  w e l l s ,  t h i s  w a s  d o n e  u s i n g  a  6 - i n c h  d i a m e t e r  

b l a c k - s t e e l  c a s i n g  a n d  h a n d  s l o t t e d  p i p e .  A 4 - i n c h  P V C  c a s i n g  

a n d  s c r e e n  were u s e d  i n  Test Well H-10 a n d  I n  t h e  l o w e r  s e c t i o n  

o f  Well H-12. A l l  o f  t h e  w e l l s  were g r a v e l - p a c k e d  u s i n g  l o c a l l y  

s i e v e d  m a t e r i a l s .  D e t a i l e d  wel l  c o m p l e t i o n  r e p o r t s  a r e  i n c l u d e d  

i n  A p p e n d i x  E .  

A l l  o f  t h e  t e s t  h o l e s  n o t  c o n v e r t e d  i n t o  w e l l s  w e r e  

b a c k f i l l e d  a n d  a b a n d o n e d .  

D e v e l o p m e n t  and T e s t i n q  

A l l  o f  w e l l s  were d e v e l o p e d  a n d  t ' e s t ~ e d .  The  d e v e l o p m e n t  a n d  
' .  . 

t e s t i n g  o p e r a t i o n s  w e r e  u s u a l l y  c o n d u c t e d  s e v e r a l  d a i s  a f t e r  a  

w e l l  was  c o m p l e t e d .  W a t e r  s a m p l e s  w e r e  c o l l e c t e d  a n d  l i m i t e d  

c h e m i c a l  a n a l y s e s  o f  t h e  s a m p l e s  were made l o c a l l y .  T h e  r e s u l t s  

' o f  w e l l  t e s t i n g  a n d  c h e m i c a l  a n a l y s i s  o f  w a t e r  a s  p r o v i d e d  by  t h e  

d r i l l i n g  c o n t r a c t o r  a r e  i n c l u d e d  i n  A p p e n d i x  E .  

. A w e l l  was  c a p p e d  when o p e r a t i o n s  on t h e  w e l l  were h a l t e d  

a n d  when t e s t i n g  o f  t h e  w e l l  was  c o m p l e t e d .  No p e r m a n e n t  pumps 

were i n s t a l l e d .  

F i n d i n a s  

The r e s u l t s  o f  t h e  t e s t  d r i l l i n g  p r o g r a m  a r e  s u m m a r i z e d  i n  

E x h i b i t  4. B a s e d  o n  t h e  r e s u l t s  o f  t h e  t e s t  d r i l l i n g  c o n d u c t e d  

8 - 1 2 5 4  1 0  J u l y  1980 



i n  t h i s  s t u d y ,  . i t  a p p e a r s  t h a t  s m a l l  t o  m o d e r a t e  w a t e r  s u p p l i e s  

a r e  a v a i l a b l e  i n  two z o n e s  i n  t h e  s t u d y  a r e a .  T h e s e  i n c l u d e  t h e  

u n c o n s o l i d a t e d  a l l u v i a l  d e p o s i t s  o f  t h e  C o l o m b i e r  R i v e r  B a s i n  

( W e l l s  H - 1  a n d  H-11) a n d  t h i n  b e d s  b f  c o n s o l i d a t e d  b e d r o c k  

f o r m a t i o n s ,  m a i n l y  l i m e s t o n e ,  w h i c h  a r e  i n t e r b e d d e d  w a 

p r e d o m i n a n t l y  c l a y s t o n e  f o r m a t i o n  o f  s e v e r a l '  h u n d r e d  f e e t  

t h i c k n e s s  ( W e l l s  H-12 a n d  H-14). f 

When c o m p l e t e d ,  W e l l s  H-12 a n d  H-14 f l o w e d  a t  g r o u n d  

s u r f a c e ,  i n d i c a t i n g  a r t e s i a n  c o n d i t i o n s .  B o t h  Wells a r e  

c o m p l e t e d  a t  o v e r  4 0 0 - f o o t  d e p t h .  The o v e r l y i n g  c l a y s t o n e  

i n t e r v a l  a p p a r a n t l y  a c t s  a s  a  c o n f i n i n g  b e d .  I t  i s  p o s s i b l e  t h a t  

t h e  w a t e r  p r o d u c i n g  z o n e s  be low a  4 0 0 - f o o t  d e p t h  c o v e r  e l a r g e  

. . a r e a ,  b u t  t h i s  c a n  o n l y  b e  c o n f i r m e d  by t e s t ' d r i l l i n g .  A s t t i d y  

o f  t h e  g e o l o g i c  s e c t i o n s  i n d i c a t e s  t h a t  l a r g e r  s u p p l i e s  may 

p o s s i b l y  b e  o b t a i n e d  by i n s t a l ' l i n g  wel l s  t h a t  a r e  d e e p e r  t h a n  

t h o s e  c o m p l e t e d .  T h e s e  p r o s p e c t s  s h o u l d  b e  t h e  s u b j e c t  o f  

f u r t h e r  i n v e s t i g a t i o n .  

Wells H - 3  a n d  H-10, b o t h  l o c a t e d  west o f  t h e  C o l o m b i e r  

B a s i n ,  o b t a i n  t h e i r  s u p p l i e s  f rom s h a l l o w  a n d  p o s s i b l y  w e a t h e r e d  

b e d r o c k  f o r m a t i o n s  b u t  t h e  w a t e r  s u p p l y  i n  b o t h  w e l l s  is  s m a l l  

a n d  may b e  o n l y  s e a s o n a l .  W e l l  H-2 c o n t a i n s  b a d  q u a l i t y  w a t e r ,  

c l e a r l y  b e c a u s e  o f  i t s  n e a r n e s s  t o  t h e  c o a s t .  H-13 d i d  n o t  

p r o d u c e  s u f f i c i e n t  w a t e r  t o  j u s t i f y  a  t e s t .  



Ground  W a t e r  R e s o u r c e  A s s e s s m e n t  

H ~ d r o q e o l o q i c  S e t t i n q  

T o p o q r a p h y .  The '  L I A r b r e  P l a i n e ,  e n c o m p a s s e s  a  r o u g h l y  - 

r e c t a n g u l a r  a r e a  e x t e n d i n g  a b o u t  2 0  k i l o m e t e r s  (km) a l o n g  t h e  

c o a s t  o f  t h e  G o l f e  De La G o n a v e s  i n  t h e  a r e a  aP A n s e  R o u g e  a n d  - 

a b o u t  1 0  km i n l a n d .  T h e  P l a i n  is a  l a r g e l y  e r o s i o n a l  s u r f a c e  o f  
.r 

g e n t l e  t o  m o d e r a t e  r e l i e f  r i s i n g  f r o m  t h e  c o a s t ,  n o r t h  t o  t h e  ' 

b a s e  o f  r u g g e d  m o u n t a i n s .  The  m o u n t a i n s  a r e  d i v i d e d  i n t o  t w o  

r a n g e s  by a  v a l l e y  w h i c h  c u t s  a c r o s s  t h e  n o r t h e r n  p e n i n s u l a  t o  

t h e  n o r t h  c o a s t .  The P l a i n e  is  o c c u p i e d  i n  t h e  e a s t  by t h e  

v a l l e y  o f  t h e  C o l o n b i e r  R i v e r . a n d  i n  t h e  w e s t  by t h e  A n s e  Rouge  

R i v e r ,  b o t h  i n t e r m i t t e n t  s t r e a m s .  The P l a i n e  a r e a  i s  d i s s e c t e d  

by  i n t e r m i t t e n t  s t r e a m s  a n d  g u l l y s  a n d  becomes  i n c r e a s i n g l y  m o r e  . 

r u g g e d  n e a r  t h e  b a s e  o f  t h e  m o u n t a i n s .  Low c o a s t a l  r i d g e s  o c c u r  

i n  t h e  Anse  Rouge a r e a  a n d  t o  t h e  west a n d  a l s o  l o c a l l y  t o  t h e  

e a s t .  

G e o l o q v .  The P l a i n  i s  u n d e r l a i n  by a  t h i c k  s e q u e n c e  o f  

c l a y s t o n e s  a n d  s a n d y / s i l t y  c l a y s t o n e s  a s s i g n e d  t o  t h e  

O l i g o c e n e / ~ i o c e n e  ( u n d i f f e r e n t i a t e d ) .  The  s e d i m e n t s  a r e  g r a y  

when f r e s h ,  c o m p a c t ,  m o d e r a t e l y  i n d u r a t e d  a n d  l o c a l l y  c o n t a i n  

t h i n  m a r l  i n t e r b e d s .  The  u n i t  was e n c o u n t e r e d  i n  a l l  o f  t h e  t e s t  

h o l e s .  L i t h o l o g i c  s a m p l e  s t u d y  i n d i c a t e s  t h a t  t h e  c l a y s t o n e  may 

b e  s l i g h t l y  c o a r s e r  g r a i n e d  i n  t h e  n o r t h  a t  t h e  b a s e  o f  t h e  

m o u n t a i n s .  D a t a  a r e  n o t  a v a i l a b l e  t o  d e t e r m i n e  t h e  t o t a l  
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t h i c k n e s s  o f  t h e  c l a y s t o n e s ,  b u t  t h e y  a r e  l i k e l y  t o  e x t e n d  f o r  

s e v e r a l  t h o u s a n d  f e e t  i n  m o s t  o f  t h e  a r e a .  

The c o a s t a l  r i d g e s  i n  t h e  A n s e  Rouge a r e a  c o n s i s t  o f  

P l i o c o n e / P l e i s t o c e n e  c o r a l  r e e f  l i m e s t o n e s  r e p o r t e d  t o  o v e r l i e  

t h e  o l d e r  c l a y s t o n e s .  T h e s e  u n i t s  a r e  s t r a t i g r a p h i c a l l y  

u n d e r l a i n  by a n  o l d e r  s e q u e n c e  o f  p r i m a r i l y  m a r i n e  s e d i m e n t a r y  

r o c k s  w i t h  i n t e r b e d d e d  v o l c a n i c  r o c k s ,  w h i c h  o u t c r o p  i n  t h e  

m o u n t a i n s  a n d  h i l l s  t o  t h e  n o r t h  a n d  e a s t .  The s e d i m e n t a r y  r o c k s  

c o n s i s t  o f  c a l c a r e o u s  l i t h o l o g i c s  r a n g i n g  f r o m  m a r l  t o  m a s s i v e  

c h e r t y  l i m e s t o n e .  The  v o l c a n i c  2 o c k s  i n c l u d e  a n d e s i t e  a n d  

b a s a l t .  T h i s  s t r a t i g r a p h i c  s e q u e n c e  i s  a s s u m e d  t o  u n d e r l i e  t h e  

O l i g o c e n e / M i o c e n e  c l a y s t o n e s  a t  unknown d e p t h s  u n d e r  t h e  P l a i n .  

' U n c o n s o l i d a t e d  Q u a t e r n a r y  d e p o s i t s  o f  p o t e n t i a l  r e 1 e ~ a n c e ' ~ t o  
. . 

t h i s  s t u d y  a r e  r e s t r i c t e d  t o  a l l u v i a l  s a n d s ,  g r a v e l s ,  c o b b l e s  a n d  

b o u l d e r s  i n  t h e  v a l l e y  o f  t h e  C o l o m b i e r  R i v e r ,  a n d  l o c a l l y  

e l s e w h e r e .  I n  t h e  C o l o m b i e r  B a s i n  t h e  a l l u v i u m  was  e n c o u n t e r e d  

i n  wells t o  d e p t h s  i n  e x c e s s  o f  1 0 0  f e e t  a n d  w a s  u n d e r l a i n  by t h e  

O l i g o c e n e / M i o c e n e  c l a y s t o n e s .  

S t r u c t u r e  i n  t h e  p r o j e c t  a r e a  is c h a r a c t e r i z e d  by c o m p l e x  

f o l d i n g  a n d ,  l o c a l l y ,  f a u l t i n g  i n  t h e  m o u n t a i n s  t o  t h e  n o r t h  a n d  

e a s t  a n d  by n e a r l y  f l a t  l y i n g  c l a y s t o n e s  a n d ,  p r e s u m a b l y ,  

u n d e r l y i n g  u n i t s  i n  t h e  p l a i n  a r e a  i t s e l f .  F o l d  a x e s  a n d  f a u l t s  

g e n e r a l l y  s t r i k e  a b o u t  e a s t - w e s t ,  s o u t h e a s t - n o r t h w e s t  a n d  l o c a l l y  r 
1 

a b o u t  n o r t h - s o u t h .  Normal a n d  r e v e r s e  f a u l t s  h a v e  b e e n  r e p o r t e d ,  

p a r t i c u l a r l y  a l o n g  t h e  b a s e  o f  t h e  n o r t h e r n  m o u n t a i n s .  



G r o u n d  W a t e r  O c c u r r e n c e  & Flow.  The r e s u l t s  o f  t e s t  

d 2 i l l i n g  i n  t h e  s t u d y  a r e a  i n d i c a t e  t h a t  g r o u n d  w a t e r  o c c u r s  i n  

s u f f i c i e n t  q u a n t i t i e s  t o  b e  t a p p e d  by wel l s  i n  two  a q u i f e r s .  

T h e s e  i n c l u d e  t h e  s a n d  a n d  g r a v e l  o f  t h e , u n c o n s o l i d a t e d  a l l u v i a l  

d e p o s i t s  o f  t h e  C o l o m b i e r  R i v e r  a n d  o l d e r  c a l c a r e o u s  b e d r o c k  

f o r m a t i o n s .  S h a l l o w  c o a s t a l  a q u i f e r s  w i t h  b r a 6 k i s h  t o  s a l i n e  

w a t e r  a n d  o t h e r s  w i t h  s h a l l o w  a n d  s e a s o n a l  g r o u n d  w a t e r  may b e  
f 

f o u n d  l o c a l l y  b u t  h a v e  n o  s i g n i f i c a n c e  a s  d e p e n d a b l e  w a t e r  

s o u r c e s .  

T h e  a l l u v i a l  s a n d  a n d  g r a v e l  d e p o s i t s  i n  t h e  C o l o m b i e r  B a s i n  

a r e  s a t u r a t e d  t o  a  d e p t h  o f  a p p r o x i m a t e l y  60  f e e t .  W a t e r  i n  t h i s  

a q u i f e r  i s  u n d e r  u n c o n f i n e d  c o n d i t i o n s  a n d  h y d r a u l i c  g r a d i e n t s  

a n d  g r o u n d  w a t e r  f 1 o w . i ~  t o w a r d  t h e  o c e a n  s o u t h w a r d .  . D a t a  a r e  ' . 

n o t  s u f f i c i e n t  t o  c o n s t r u c t  p o t e n t i o m e t r i c  c o n t o u r  l i n e s  o r  

d e l i n e a t e  s u b s u r f a c e  f l o w .  

The o t h e r  w a t e r  b e a r i n g  z o n e  t h a t  was  i d e n t i f i e d  b a s e d  on  

t h e  r e s u l t s  o f  t h e  t e s t  d r i l l i n g  p r o g r a m  i s  a  z o n e  o f  t h i n  

l i m e s t o n e  b e d s  a t  o v e r  a  4 0 0 - f o o t  d e p t h .  T h e s e  b e d s  u n d e r l i e  t h e  

O l i g o c e n e / M i o c e n e  c l a y s t o n e  a n d  a r e  p o s s i b l y  i n t e r b e d d e d  w i t h  

s i l t s t o n e ,  m a r l ,  a n d  o t h e r  c l a y s t o n e  b e d s .  The c l a y s t o n e  a c t s  a s  

a  c o n f i n i n g  b e d  a n d  t h i s  a q u i f e r  i s  e s s e n t i a l l y  c o n f i n e d  w i t h  a n  . 
upward  v e r t i c a l  g r a d i e n t .  T h e r e  a r e  no  d a t a  t o  p r e p a r e  

p i e z o m e t r i c  c o n t o u r s  f o r  t h i s  z o n e  b u t  i t  c a n  b e  a s s u m e d  t h a t  t h e  

l a t e r a l  g r a d i e n t  a n d  f l o w  is t o w a r d  ' .he  o c e a p  
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A s t u d y  o f  t h e  g e o l o g i c  s e c t i o n s  p r o v i d e d  by t h e  FA0 s t u d y  

i n d i c a t e s  t h a t  t h e r e  a r e  d e e p  l i m e s t o n e  u n i t s  t h a t  may be  c a p a b l e  

o f  p r o d u c i n g  w a t e r .  These  u n i t s ,  w i t h  e s t i m a t e d  d e p t h  o f  

2000  f e e t  o r  more ,  w e r e  n o t  i n v e s t i g a t e d i n  t h e  p r e s e n t  s t u d y .  

Water  i n  t h e s e  u n i t s  i s  l i k e l y  t o  b e  c o n f i n e d  and  may f l o w  o r  c a n  

p o s s i b l y  b e  pumped e c o n o m i c a l l y .  ~ h ' i s  p r o s p e c t  c a n  b e  

i n v e s t i g a t e d  b u t  would  r e q u i r e  d r i l l i n g  e q u i p m e n t  t h a t  is n o t  

a v a i l a b l e  i n  H a i t i  a t  p r e s e n t .  

R e s o u r c e  Asse s smen t  

S p r i n q s .  Wa te r  f rom s p r i n g s  h a s  b e e n  e s t i m a t e d  a t  b e t w e e n  

1 5 0 0  g a l l o n s  p e r  m i n u t e  (gpm) t o  2700 gpm (FAO, 1 9 6 9 )  a n d  s p r i n g  

w a t e r  i s  b a s i c a l l y  o f  good q u a l i t y  a n d  c a n  b e  u s e d  f o r  i r r i g a t i o n  
. . 

and  w i t h  l i m i t e d  t r e a t m e n t ,  humah consumpt ion . '  A p o r t i o n  o f  t h e  

w a t e r  s u p p l y  f rom s p r i n g s  is u s e d  a t  p r e s e n t .  The u n u s e d  

c a p a c i t y  e s t i m a t e d  a t  r o u g h l y  50 p e r c e n t  o f  t h e  a v a i l a b l e  s u p p l y ,  

c a n  be  e x p l o i t e d  by c a p p i n g  o f  t h o s e  s p r i n g s  n o t  p r e s e n t l y  i n  u s e  

a n d  by more e f f i c i e n t  u s e  o f  t h e  w a t e r .  S i n c e  t h e  w a t e r  s u p p l y  

f rom S p r i n g s  i s  g e n e r a l l y  s e a s o n a l ,  a  p r e l i m i n a r y  s t u d y  i n v o l v i n g  

g a u g i n g  o f  s p r i n g s  t o  d e t e r m i n e  mon th ly  o r  week ly  s p r i n g  

d i s c h a r g e  may have  t o  b e  c o n d u c t e d  b e f o r e  a n  a c c u r a t e  a s s e s s m e n t  

o f  s p r i n g  c a p a c i t y  c a n  b e  made. T h i s  i s  e s p e c i a l l y  n e e d e d  p r i o r  

t o  d e v e l o p m e n t  o f  s p r i n g s  o f  m a r g i n a l  c a p a c i t y .  

A l l u v i a l  A q u i f e r s .  The u n c o n s o l i d a t e d  a l l u v i a l  d e p o s i t s  o f  

t h e  C o l o m b i e r  R i v e r . B a s i n  a r e  c o n s i d e r e d  i m p o r t a n t  s o u r c e s  o f  

w a t e r  t h a t  c a n  be  d e v e l o p e d  by w e l l s .  Based  on t h e  r e s u l t s  o f  
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t e s t  d r i l l i n g  i n  t h e  s t u d y  a r e a ,  i n d i v i d u s ?  w e l l s  o f  2 5 0  gpm 

c a p a c i t y  may b e  c o m p l e t e d  i n  t h e s e  d e p o s i t s .  T h e  w a t e r  i s  o f  

m o d e r a t e  q u a l i t y  a n d  c a n  b e  u s e d  f o r  i r r i g a t i o n  a s  w e l l  a s  human 

c o n s u m p t i o n .  N e a r  t h e  c o a s t ,  h o w e v e r ,  t h e  w a t e r  may b e  t o o  
4 

s a l i n e  f o r  m o s t  u s e s .  

I t  i s  n o t  p o s s i b l e  t o  a s s e s s  t h e  l o n g - t e r m  c e a p a b i l i t y  o f  t h e  

a l l u v i a l  a q u i f e r  o f  t h e  C o l o m b i e r  R i v e r  B a s i n  f o r  l a c k  o f . d a t a  t o  

e s t i m a t e  a n n u a l  r e c h a r g e ,  s u b s u r f a c e  f l o w ,  o r  s e a s o n a l  w a t e r  

l e v e l  f l u c t u a t i o n s .  A p r e l i m i n a r y  e s t i m a t e  o f  w a t e r  i n  s t o r a g e  

h a s  b e e n  made c o n s i d e r i n g  a 1 0 - s q u a r e  k i l o m e t e r  o u t c r o p  a r e a  a n d  

a s s u m i n g  a  s a t u r a t e d  a q u i f e r  t h i c k n e s s  o f  4 0  f e e t  a n d  s p e c i f i c  

y i e l d  o f  20  p e r c e n t .  The  w a t e r  i n  s t o r a g e  was  t h u s  e s t i m a t e d  a t  

6 .4  x 10' g a l l o n s .  R e c h a r g e  t o  t h i s  a q u i f e r  i s  f r o m  l o c a l  

p r e c i p i t a t i o n  a n d  s u r f a c e  r u n o f f  o f  t h e  C o l o m b i e r  R i v e r  d r a i n a g e  

a r e a .  

B e d r o c k  U n i t s .  I n f o r m a t i o n  was o b t a i n e d  i n  t h e  p r e s e n t  

s t u d y  o n  t h e  u p p e r  b e d r o c k  u n i t s .  T h r e e  t e s t  h o l e s  p e n e t r a t e d  

t h e  O l i g o c e n e / M i o c e n e  c l a y s t o n e ,  a n d  two o f  t h e s e  i n d i c a t e d  t h e  

o c c u r r e n c e  o f  w a t e r - b e a r i n g  b e d r o c k  u n i t s  o f  l i m i t e d  c a p a c i t y  

w i t h i n  700 f o o t  d e p t h .  W e l l  H-14 c a n  b e  c o n s i d e r e d  

r e p r e s e n t a t i v e  o f  w e l l s  d e r i v i n g  t h e i r  s u p p l y  f r o m  t h e  u p p e r  

b e d r o c k  i n t e r v a l .  T h i s  wel l  f l o w e d  a t  t h e  s u r f a c e  upon  

c o m p l e t i o n  i n d i c a t i n g  c o n f i n e d  c o n d i t i o n s .  S h o r t - t e r m  pumping  o f  

t h i s  wel l  i n d i c a t e d  t h a t  e s p e c i f i c  c a p a c i t y  o f  0 . 6 5  g p m / f t  c a n  

b e  o b t a i n e d  f r o m  t h e  u p p e r  b e d r o c k  a q u i f e r s .  T h e  w a t e r  i s  o f  
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m o d e r a t e  q u a l i t y  a n d  c a n  b e  u s e d  f o r  i r r i g a t i o n .  C o n s i d e r i n g  

t h a t  t h e  a v a i l a b l e  drawdown i s  a t  l e s t  400 f e e t ,  i t  may b e  

p o s s i b l e  t o  o b t a i n  a s  much a s  250 gpm f r o m  w e l l s  c o m p l e t e d  i n  

t h i s  z o n e .  L a r g e r  s u p p l i e s  m i g h t  b e  p o s s i b l e  f r o m  d e e p e r  w e l l s .  

\ 

R e g i o n a l  d e e p  b e d r o c k  u n i t s , c o u l d  n o t  b e  e v a l u a t e d  f r o m  d a t a  

o b t a i n e d  i n  t h e  p r e s e n t  s t u d y .  N e i t h e r  t h e  c a p a b i l i t y  o r  w a t e r  

q u a l i t y  c a n  b e  d e l i n e a t e d  f r o m  a v a i l a b l e  i n f o r m a t i o n .  I t  i s  

l i k e l y ,  t h a t  l a r g e  s u p p l i e s  c o u l d  b e  o b t a i n e d  f r o m  t h e s e  u n i t s ,  

b a s e d  o n  t h e  g e o l o g i c  s ~ t t i n g  a n d  o c c u r r e n c e  o f  s p r i n g s .  T h i s  

c a n  o n l y  b e  d e t e r m i n e d  t h r o u g h  e x t e n s i v e  d e e p  w e l l  d r i l l i n g  a n d  

t e s t i n g .  

C o n c l u s i o n s  a n d  R e c o m m e n d a t i o n s  . 
C o n c l u s i o n s  

B a s e d  o n  l a t e  a n d  i n f o r m a t i o n  g e n e r a t e d  by t h e  p r e s e n t  

s t u d y ,  t h e  f o l l o w i n g   conclusions c a n  b e  made.  

1. A d d i t i o n a l  g r o u n d - w a t e r  e x p l o r a t i o n  a n d  d e v e l o p m e n t  i n  - 
t h e  L I A r b r e  P l a i n e  a p p e a r s  t o  b e  j u s t i f i e d  by  t h e  

r e s u l t s  o f  t h i s  s t u d y .  F u r t h e r  work s h o u l d  b e  a i m e d  a t  

. i n v e s t i g a t i n g  t h e  i n l a n d  e d g e s  o f  t h e  P l a i n e  a n d  a t  

f u r t h e r .  s t u d y  a n d  d e v e l o p m e n t  o f  t h e  C o l o m b i e r  R i v e r  

a r e a .  I t  d o e s  n o t  a p p e a r  t h a t  more  s h a l l o w  well  

d r i l l i n g  work i n  t h e  c e n t r a l  a r e a s  f o r m i n g  t h e  b u l k  o f  

t h e  P l a i n e  a r e a  w o u l d  b e  p r o d u c t i v e .  
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2 .  The  a l l u v i a l  d e p o s i t s  o f  t h e  C o l o m b i e r  R i v e r  B a s i n  - 
c o n s t i t u t e  a n  u n c o n f i n e d  a q u i f e r  t h a t  c a n  b e  t a p p e d  by 

wel ls  o f  l e s s  t h a n  1 5 0  f o o t  d e p t h .  Up t o  250 gpm c a n  

p o s s i b l y  b e  o b t a i n e d  f r o m  i n d i v i d u a l  we l l s .  Well 
\ 

s p e c i f i c  c a p a c i t y  i s  i n  t h e  o r d e r  o f  6 g p m / f o o t  o f  

drawdown a n d  water is g e n e r a l l y  o f  a c c e g t a b l e  q u a l i t y .  

T h i s  a q u i f e r ' s  l o n g - t e r m  p o t e n t i a l  c a n n o t  b e  d e t e r m i n e d  
/ 

f r o m  a v a i l a b l e  d a t a .  S h e l l o w  a l l u v i a l  a q u i f e r s  i n  ' 

o t h e r  p a r t s  o f  t h e  a r e a  may c o n t a i n  m i n o r  q u a n t i t i e s  o f  

w a t e r ,  p o s s i b l y  s e a s o n a l ,  w h i c h  may be  s u i t a b l e  f o r  

l o c a l  u s e  o n l y .  

3 .  The  a l l u v i a l  d e p o s i t s  a n d  o t h e r  u n c o n s o l i d a t e d  s u r f a c e  - 
. m a t e r i a l s  i n  t h e  q t u d y  a r e a  a r e  u n d e r l a i n  by a n  

e x t e n s i v e  c l a y s t o n e  f o r m a t i o n  o f  low p e r m e a b i l i t y  t h a t  

i s  s e v e r a l  h u n d r e d  f e e t  t h i c k .  The  c l a y s t o n e  g e n e r a l l y  

h a s  n o  p o t e n t i a l  a s  a  s o u r c e  o f  g r o u n d  w a t e r .  

4 .  L i m i t e d  i r r i g a t i o n  w a t e r  s u p p l i e s  a r e  a v a i l a b l e  f r o m  - 
t h i n  s a n d s t o n e ,  s i l t s t o n e ,  a n d  l i m e s t o n e / m a r l  b e d s  t h a t  

e i t h e r  u n d e r l i e  o r  a r e  i n t e r b e d d e d  w i t h  t h e  c l a y s t o n e  

b e l o w  a  4 0 0  f o o t  d e p t h .  W a t e r  i n  t h e s e  f o r m a t i o n s  i s  

u n d e r  c o n f i n e d  c o n d i t i o n s  a n d  w e l l s  c o m p l e t e d  i n  t h e s e  

b e d s  may h a v e  a s p e c i f i c  c a p a c i t y  o f  0 .65 g p m / f t .  The  

l o n g  term y i e l d  o r  w a t e r  q u a l i t y  o f  t h i s  z o n e  c a n n o t  b e  

e v a l u a t e d  a t  p r e s e n t  b e c a u s e  o f  l a c k  o f  d a t a  on  

r e c h a r g e  a n d  s u b s u r f a c e  f l o w .  
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5 . - I t  i s  l i k e l y  t h a t  i m p o r t a n t  b e d r o c k  a q u i f e r s  c a n  b e  

f o u n d  a t  g r e a t  d e p t h s .  O l d e r  m a r i n e  s e d i m e n t a r y  r o c k  

u n i t s  h a v e  t h e  p o t e n t i a l ,  y e t  u n p r o v e n ,  o f  s u p p l y i n g  

s i g n i f i c a n t  q u a n t i t i e s  o f  g r o u n d  w a t e r .  A v a i l a b l e  d a t a  
\ 

o n  t h e  d e p t h  t o  t h e s e  p o t e n t i a l  a q u i f e r s  a r e  v e r y  

s p a r s e  b u t  i n d i c a t e  t h a t  t h e  u n i t s  a r e  g e n e r a l l y  a t  

s u b s t a n t i a l  d e p t h s  (2000-3000 f e e t )  u n d e r  m o s t  o f  t h e  
/ 

s t u d y  a r e a  a n d  c o u l d  be r e a c h e d  o n l y  a t  c o n s i d e r a b l e  

c o s t  u s i n g  e q u i p m e n t  p r e s e n t l y  n o t  a v a i l a b l e  i n  H a i t i .  

C o n s i d e r i n g  t h e  g e o l o g i c  s e t t i n g  o f  t h e  s t u d y  a r e a ,  

w a t e r  i n  t h e  d e e p  b e d r o c k  u n i t s  s h o u l d  b e  c o n f i n e d  a n d  

may o r  may n o t  b e  o f  u s e a b l e  q u a l i t y .  

6 .  The o l d e r  m a r i n e  s e d i m e n t a r y  r o c k s  o c c u r  a t  t h e  s u r f a c e  - 
i n  t h e  n o r t h e r n  a n d  e a s t e r n  m o u n t a i n s  w h e r e '  t h e y  s u p p l y  

g r o u n d  w a t e r  t o  s u r f a c e  s p r i n g s .  T h e s e  f o r m a t i o n s  

a r e  i n f e r r e d  t o  o c c u r  a t  unknown, b u t  r e l a t i v e l y  

s h a l l o w  d e p t h s  i n  some o f  t h e  a r e a s  l o c a t e d  a t  t h e  b a s e  

o f  t h e  m o u n t a i n s .  When i d e n t i f i e d ,  t h e s e  a r e a s  a p p e a r  

t o  h a v e  p o t e n t i a l  f o r  h i g h  c a p a c i t y  w e l l s .  V e h i c u l a r  

a c c e s s  is n o t  c u r r e n t l y  a v a i l a b l e  t o  some s i t e s  w h i c h  

seem t o  h a v e  v e r y  g o o d  p o s s i b i l i t i e s .  

R e c o m m e n d a t i o n s  

1. F o u r  o f  t h e  e i g h t  t e s t  w e l l s  i n s t a l l e d  s h o u l d  b e  - 
c o n v e r t e d  i n t o  p e r m a n e n t  p r o d u c t i o n  wells by 

i n s t a l l e t i o n  o f  pumps. T h e s e  i n c l u d e  H - 1 ,  H - 1 1 ,  H-12, 

8-1254 1 0  J u l y  1 9 8 0  -19- 



a n d  H-14. T h e  r e m a i n i n g  wel l s  (H-2, H - 3 ,  H-10, a n d  H- 

1 3 )  d o  n o t  h a v e  s u f f i c i e n t  s u p p l y  o f  g o o d  q u a l i t y  w a t e r  

t o  j u s t i f y  p e r m a n e n t  pump i n s t a l l a t i o n .  T h e  w a t e r  

l e v e l  i n  t h e s e  we l l s  is t o o  d e e p  f o r  h a n d  pumps .  
\ 

S u g g e s t e d  pump i n s t a l l a t i o n s  a n d  p r o d u c t i o n  r a t e s  f o r  

i n d i v i d u a l  wells a r e  g i v e n  i n  E x h i b i t . 5 .  T h e  v e r t i c a l  

t u r b i n e  pump i n d i c a t e d  was s e l e c t e d  b a s e d  o n  e x p e c t e d  
r 

wel l  c a p a c i t y  a n d  p u m p i n g  l e v e l  a n d  c o n s i d e r i n g  pump ' 

d e p e n d a b i l i t y  a n d  r e l a t i v e  e a s e  o f  o p e r a t i o n  a n d  

m a i n t e n a n c e .  

2 .  C o n s i d e r a t i o n  s h o u l d  b e  g i v e n  t o  t h e  e x p l o i t a t i o n  o f  - 
t h e  u n u s e d  c a p a c i t y  o f  s u r f a c e  s p r i n g s .  P o s s i b i l i t i e s  

i n c l u d e  c a p p i n g  o f  u n c a p p e d  s p r i n g s ,  c o n s t r u c t i . o n  o f  

s t o r a g e  f a c i l i t i e s  w h e r e  n e e d e d ,  a n d  i m p r o v i n g  t h e  ' 

d i s c h a r g e  f r o m  s p r i n g s  p o s s i b l y  by  d r i l l i n g  h o r i z o n t a l  

w e l l s  o r  a d i t s  u s i n g  l a b o r  i n t e n s i v e  e x c a v a t i o n  

t e c h n i q u e s .  

3.  T h e  e x i s t i n g  w a t e r - s u p p l y  s y s t e m  i n  t h e  L t A r b r e  P l a i n  - 
a p p e a r s  t o  b e  a m e n a b l e  t o  i m p r o v e m e n t ,  w h i c h  c o u l d  

p r o v i d e  a d d i t i o n a l  w a t e r  f r o m  s o u r c e s  a l r e a d y  

a v a i l a b l e .  I n  p a r t i c u l a r ,  t h e  p r i m a r y  w a t e r  s y s t e m  t o  

A n s e  Rouge  f r o m  S o u r c e  T e t e  B e o u f ,  a  n a t u r a l  s p r i n g ,  

c a n  b e  u p g r a d e d  f o r  g r e a t e r  r e l i a b i l i t y  a n d  l e s s  w a s t e .  

T h e  4  i n c h  PVC c o n v e y e n c e  p i p e l i n e  i s  f r e q u e n t l y  b r o k e n  

a n d  s h o u l d  b e  u p g r a d e d  b y  h e a v i e r  p i p e  a n d / o r  d e e p e r  

8 - 1 2 5 4  1 0  J u l y  1 9 8 0  



b u r i a l  o r  o t h e r  p r o t e c t i o n .  C o n t i n u o u s  f l o w  t a p s  i n  

r e m o t e  a r e a s  s h o u l d  b e  r e p l a c e d  by c o n c r e t e  c a p p e d  

c i s t e r n s  c o n t r o l l e d  by f l o a t  v a l v e s  a n d  h a n d  pumps t o  

r e d u c e  w a s t e .  T h i s  w o u l d  a l s o v r o v l d e  a  c e r t a i n  a m o u n t  

o f  s t o r a g e  c a p a c i t y  t o  t h e  s y s t e m  d u r i n g  t i m e s  when t h e  

. 
l i n e  i s  b r o k e n  o r  o t h e r w i s e  down. 

4. An e x p l o r a t o r y  d e e p  w e l l  t e s t i n g  p r o g r a m  i s  rec .ommended , . .  - 
s o  a s  t o  v e r i f y  t h e  o c c u r r e n c e  a n d  e v a l u a t e  t h e  

p o t e n t i a l  y i e l d  o f  d e e p  b e d r o c k  u n i t s .  F u r t h e r  

d r i l l i n g  c o n t r a c t s  s h o u l d  i n c l u d e  p r o v i s i o n s  f o r  

c r e a t i n g  v e h i c u l a r  a c c e s s  w h e r e  n e e d e d ,  s i n c e  t h i s  

p r e s e n t  p r o g r a m  was  s e v e r e l y  h a m p e r e d  by n o t  b e i n g  a b l e  

. t o  r e a c h  p o t . e n t i a l l y  f a v o r a b l e ' s i t e s .  
. . 

T h e  w a t e r  l e v e l  a n d  q u a l i t y  s h o u l d  b e  p e r i o d i c a l l y  

m o n i t o r e d  i n  a l l  o f  t h e  w e l l s  t o  e n s u r e  s a t i s f a c t o r y  

w a t e r  q u a l i t y  a n d  t o  e v a l u a t e  s u b s u r f a c e  f l o w  a n d  

s e a s o n a l  w a t e r  l e v e l  f l u c t u a t i o n s .  T h i s  i n f o r m a t i o n  

w o u l d  b e  u s e f u l  f o r  d e t e r m i n i n g  t h e  a n n u a l  r e c h a r g e  a n d  

l o n g  t e r m  y i e l d  o f  a q u i f e r s .  

6 .  - I n s t a l l a t i o n  o f  new p r o d u c t i o n  wel l s  s h o u l d  b e  

p r e c e d e d  by o n - s i t e  t e s t  d r i l l i n g  a n d  s a m p l e  s t u d y .  

T h e  i n f o r m a t i o n  o b t a i n e d  s h o u l d  b e  u s e d  t o  b o t h  c o n f i r m  

t h e  a m o u n t  a n d  q u a l i t y  o f  a v a i l a b l e  s u p p l y  a n d  t o  

p r e p a r e  p r o d u c t i o n  well d e s i g n .  
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EXHIBITS 



SCALE 0 1 2 3 4 KILOMETERS 



Lg Arbre - Inventory of Spring8 
(Source: FAO, 1969) 

Ti Place over 25 l8/Ieb/66 650 400 5.2 2.0 4. 8 1.5 1.0 

Manchctte le8s.than 1 

Marie km 5-25 

Nan Sceau lass than 1 

nahotiere over 25 

?eta Boeuf 5-25 

-.rue 1-5 

Nuia Ibu less than 1 

7.9 1800 7.0 traces 7.5 6.0 7.9 0.37 

8.1 550 S. 0 traces 1.0 4.0 0.68 be ?4 

950 605 6.0 - 3.0 922 1.3 2. 62 1-25 





E x h i b i t  4 

R e s u l t s  o f  W e l l  ~ e s t i n q  L/ 
Test Test Test  S p e c i f i c  
Well D i s c h a r g e  D u r a t i o n  C a p a c i t y  
Number R a t e  (qpm) ( h o u r s )  (qpm/f t ) 

W a t e r  
q u a l i t y  z/ 

good  

b r a c k i s h / s a l i n e  
F 

b r a c k i ' s h  

- 
g o o d  

g o o d  

b r a c k i s h  

1/ F i g u r e s  b a s e d  o n  d r i l l i n g  c o n t r a c t o r  r e p o r t s  - 
2 /  Good: can b e  u s e d  f o r  human c o n s u m p t i o n  - 

B a c k i s h :  c a n  b e  u s e d  f o r  i r r i g a t i o n  
B r a c k i s h / S a l i n e :  t o o  s a l t y  f o r  m o s t  u s e s  

3 /  E s t i m a t e d  by d r i l l i n g  c o n t r a c t o r  b u t  b e l i e v e d  t o  b e  h i g h l y  - 
e x a g g e r a t e d .  

4 /  Not a v a i l a b l e  - 
5 /  I n s u f f i c i e n t  w a t e r  t o  j u s t i f y  t e s t i n g .  - 



E x h i b i t  5 

Well Pump 
No. Type 

H - 1  V e r t i c a l  
T u r b i n e  

S u q q e s t e d  P u m ~  I n s t a l l a t i o n s  &/ 

H-14 11 

FA0  W e l l  I 1  

Power 
S o u r c e  

D i e s e l ,  
g a s o l i n e  

o r  
k e r o s e n e  
powered  
e n g i n e  

R a t e d  
C a p a c i t y  
0 

Y 
T o t a l  
L i f t  

I n t a k e  
D e p t h  
( f t )  

1 /  A s u f f i c i e n t  s u p p l y  o f  g o o d  q u a l i t y  w a t e r  d o e s  n o t  e x i s t  t o  - 
j u s t i f y  permanent  l a r g e  pump i n s t a l l a t i o n s  i n  Wells H-2, H -  
3 ,  H-10, o r  H-13 .  



L 

APPENDIX A 



TECHNICAL SPECIFICATIONS 

1-01.00 D e f i n i t i o n s  

Wherever t h e  fo l l owing  te rms  appear  i n  t h e s e  s p e c i f i c a t i o n s ,  
t hey  s h a l l  be i n t e r p r e t e d  as fo l l ows :  

Owner - H a i t i a n  American Community Help O r g a n i z a t i o n  (HACH3)  

C o n t r a c t o r  - Hait i  Water-Supply, S.A .  

Engineer  - Harza Engineer ing  Company. 

1-02 .OO Purpose 

. The C o n t r a c t o r  s h a l l  d r i l l  wells t o  o b t a i n  i n f o r m a t i o n  abou t  
t h e  d e p t h ,  t h i c k n e s s ,  wa te r  q u a l i t y  and water  y i e l d i n g  p o t e n t i a l  
of t h e  fo rma t ions  encounte red .  These e x p l o r a t o r y  wells may be 
conve r t ed  t o  permanent p r o d u c t i o n  w e l l s  a t  t h e  o p t i o n  of  t h e  
Engineer o r  t h e  Owner. 

1-03.00 Scope 

These spe,cif i c a t i o n s  cover  t h e  c o n s t r u c t i o n  o f  two t y p e s  of 
w e l l s ;  " sha l low"  w e l l s  t o  be d r i l l e d  i n  unconso l ida t ed  d e p o s i t s  
and t h e  upper 100 f e e t  of  bedrock,  and "deep1' w e l l s  t o  be 
f i n i s h e d  i n  t h e  bedrock.  S i n c e  i n fo rma t ion  concern ing  t h e  
c h a r a c t e r i s t i c s  o f  t h e  s u b s u r f a c e  d e p o s i t s  is ex t r eme ly  l i m i t e d ,  
it is n o t  p o s s i b l e  t o  de t e rmine  w e l l  c o n s t r u c t i o n  d e t a i l s  
p r e c i s e l y .  The s p e c i f i c a t i o n s  g iven  h e r e  should  be c o n s i d e r e d  a s  
t ype  wells which can  be modif ied  i n  t h e  f i e l d  a t  t h e  o p t i o n  of  
t h e  Engineer .  S p e c i f i c a t i o n s  f o r  d r i l l i n g ,  sampl ing ,  c a s i n g ,  
s c r e e n i n g ,  deve lop ing  and t e s t i n g  t h e  w e l l s  a r e  i n c l u d e d ,  and 
o p t i o n s  a r e  p rov ided  f o r  p lugging  and abandonment of  t h e  w e l l s .  
The C o n t r a c t o r  s h a l l  f u r n i s h  a l l  s u p e r v i s i o n ,  l a b o r ,  m a t e r i a l s ,  
t r a n s p o r t a t i o n ,  t o o l s ,  s u p p l i e s ,  equipment and appur t enances  
n e c e s s a r y  f o r  t h e  s a t i s f a c t o r y  c o n s t r u c t i o n  and comple t ion  o f  
w e l l s  h e r e i n a f t e r  d e s c r i b e d .  



Location 

The p ro j ec t  is located on the Plaine de L'Arbre, on the  
southern s lope of H a i t i ' s  northwest peninsula. 

The exact  s i t e s  w i l l  be staked i n  the  f i e l d  by the  Engineer. 
The sequence of d r i l l i n g  s h a l l  be a s  d i rec ted  by the Engineer. 

1-05.00 General Requirements 

The Contractor s h a l l  perform the work prescribed and provide 
and pay for  mater ia l s ,  equipment, labor ,  t r anspor t a t ion ,  
cons t ruc t ion  equipment and machinery, t oo l s ,  appliances,  f u e l ,  
power, l i g h t ,  heat ,  telephone, water and san i t a ry  f a c i l i t i e s  and 
a l l  o ther  f a c i l i t i e s  and incidenta ls  necessary for  the execution, 
t e s t i n g ,  i n i t i a l  operat ion and completion of the work. A l l  
ma te r i a l s  furnished under the Contract s h a l l  be new and a l l  
equipment s h a l l  be i n  good working order.  I f  required by the  
Owner, the  Contractor s h a l l  fu rn i sh  s a t i s f a c t o r y  evidence a s  t o  
the  kind and q u a l i t y  of materials  and equipment. A l l  work 
performed by the  Contractor s h a l l  conform t o  the spec i f i ca t ions  
described herein ,  and he m u s t  obtain approval i n  wri t ing from the 
Engineer 's represen ta t ive  i n  Hai t i  fo r  any proposed modifications 
t o  or  devia t ions  from these spec i f ica t ions .  

1-05.01 The cont rac tor  s h a l l  keep the s i t e  of the work and 
adjacent  premises a s  f r e e  from mater ia l ,  debr i s  and rubbish a s  is 
p rac t i cab le  and s h a l l  remove from the s i t e ,  i f  i n  the opinion of 
t he  Engineer, such material ,  debr is  or rubbish i n t e r f e r e s  w i t h  
t he  work or c o n s t i t u t e s  a nuisance t o  the public.  The Contractor 
f u r t h e r  agrees t o  remove a l l  machinery, mater ia ls ,  implements, 
barr icades ,  s tag ings ,  f a l s e  work, debr i s  and rubbish connected 
w i t h  o r  caused by sa id  work immediately upon the completion of  
t he  same and t o  c lean a l l  s t ruc tu re s  and work constructed under 
t h i s  con t rac t  t o  the  s a t i s f a c t i o n  of t he  Engineer and Owner; 
regrade a l l  areas  which have been ru t ted  or disturbed so t h a t  the 
a reas  w i l l  d r a i n  without pockets; and t o  leave the premises upon 
completion of the cont rac t ,  i n  a t  l e a s t  a s  good condit ion a s  when 
he entered upon them. The use of inadequate or  unsafe 
procedures, methods, s t ruc tu re s  or equipment w i l l  not be 
permit ted,  and t h e  Owner or Engineer may disapprove and r e j e c t  
any of same which seem t o  him t o  be unsafe for  the  work 
hereunder, or  fo r  other work being ca r r i ed  on i n  the v i c i n i t y ,  or 
f o r  work t h a t  has ,been completed or fo r  the publ ic  or for  any 
workmen, engineers and inspectors employed thereon. 



1-05.02 The C o n t r a c t o r  s h a l l  g i v e  a l l  n o t i c e s  and comply w i t h  
a l l  laws, o r d i n a n c e s ,  r u l e s  and r e g u l a t i o n s  a p p l i c a b l e  t o  t h e  
work. I f  t h e  C o n t r a c t o r  obse rves  t h a t  t h e  s p e c i f i c a t i o n s  o r  
d rawings  a r e  a t  v a r i a n c e ,  he s h a l l  inform t h e  Engineer by prompt 
w r i t t e n  n o t i c e  t h e r e o f ,  and any neces sa ry  changes w i l l  be a s  
p r e s c r i b e d  by t h e  Engineer .  

1-05.03 The a c t u a l  d r i l l i n g  s h a l l  be performed under t h e  d i r e c t  
s u p e r v i s i o n  of  expe r i enced  well d r i l l e r s  s a t i s f a c t o r y  t o  t h e  
Engineer .  Only competent workmen s h a l l  be employed on t h e  
p r o j e c t  and a t  l ea s t  a  two-man crew w i l l  be on t h e  j ob  f o r  each 
w e l l - d r i l l i n g  r i g  c o n t i n u o u s l y  dur ing  d r i l l i n g  o p e r a t i o n s .  

1-05.04 The Owner and h i s  r e p r e s e n t a t i v e s  and t h e  Engineer and 
h i s  r e p r e s e n t a t i v e s  s h a l l  a t  a l l  times have a c c e s s  t o  t h e  work 
f o r  any  i n s p e c t i o n ,  o r  t e s t i n g  t he reo f  by o t h e r s .  

1-05.05 The C o n t r a c t o r  s h a l l  n o t  a s s i g n  t h e  s u b c o n t r a c t ,  t h e  
work, o r  any p a r t  t h e r e o f ,  w i thou t  p r e v i o u s  w r i t t e n  app rova l  by 
t h e  Engineer .  

1-05.06 A t  t h e  o p t i o n  of t h e  Engineer ,  a d d i t i o n a l  work n o t  
s p e c i f i e d  h e r e i n  may be au tho r i zed .  A d d i t i o n a l  work s h a l l  be a t  
p r i c e s  n o t  exceed ing  t h o s e  f o r  comparable work and m a t e r i a l s  
l i s t e d  i n  t h e  Schedule  of Payments (Appendix 11). 

1-05.07 The Owner w i l l  s e c u r e  r i g h t s  of a c c e s s  and e g r e s s  t o  
t h e  test-si te.  

1-06.00 - Well D r i l l i n g  Procedures.  

Wells s h a l l  be d r i l l e d  by s t a n d a r d  r o t a r y  d r i l l i n g  methods, 
o r  by o t h e r  methods approved by t h e  Engineer .  

1-06.01 Should a  d r i l l  h o l e  t end  t o  cave ,  s lough  o r  s w e l l ,  t h e  
C o n t r a c t o r  s h a l l  s t a b i l i z e  t h e  h o l e  t o  t h e  s a t i s f a c t i o n  of  t h e  
Engineer .  



1-06.02 During d r i l l i n g  of each w e l l ,  rock c u t t i n g s  s h a l l  be  
c o l l e c t e d  and i d e n t i f i e d  a t  5-foot  i n t e r v a l s ,  and a t  any 
pronounced change o f  fo rmat ion .  Samples s h a l l  be washed and 
p r e s e r v e d ,  i n  a manner approved by t h e  Engineer ,  immediately 
a f t e r  r e t r i e v a l .  Samples s h a l l  be c l e a r l y  and i n d e l i b l y  l a b l e d  
w i t h  t h e  w e l l  number and l o c a t i o n ,  dep th  i n t e r v a l  r e p r e s e n t e d  by 
t h e  sample ,  and time and d a t e  taken.  The C o n t r a c t o r  s h a l l  be 
r e s p o n s i b l e  f o r  t h e  d r i l l e r  l i t h o l o g i c  l o g  and s a f e  s t o r a g e  of 
fo rma t ion  samples  u n t i l  accep ted  by t h e  Engineer .  

1-06.03 During d r i l l i n g  of  each w e l l ,  a  d a i l y  d e t a i l e d  
d r i l l e r ' s  r e p o r t  s h a l l  be main ta ined  and submi t t ed  weekly t o  t h e  
Engineer ,  o r  more f r e q u e n t l y  as r eques t ed  by t h e  Engineer .  The 
r e p o r t  s h a l l  g i v e  a  complete d e s c r i p t i o n  of a l l  f o rma t ions  
encoun te red ,  number of f e e t  d r i l l e d ,  number of  hou r s  on t h e  job,  
shutdown due  t o  breakdown, t h e  wate r  l e v e l  i n  t h e  well a t  t h e  
beg inn ing  and end of each s h i f t  and a t  each change of  fo rmat ion  

7 ( i f  measureab le  w i t h  t h e  d r i l l i n g  method u s e d ) ,  t h e  dep th  and 
l o c a t i o n  of  any  l o s t  d r i l l i n g  f l u i d ,  and o t h e r  p e r t i n e n t  d a t a  
r eques t ed  by t h e  Engineer .  

1-06.04 Upon comple t ion  of each w e l l ,  t h e  C o n t r a c t o r  s h a l l  
submi t  t o  t h e  Engineer  a  wel l -complet ion r e p o r t  t o  i n c l u d e  t h e  
fo l l owing :  

1. t h e  nominal h o l e  d i a m e t e r ( s )  and t o t a l  dep th  of t h e  - 
completed w e l l ,  

2. t h e  d i a m e t e r s ,  d e p t h s  and d e s c r i p t i o n  o f  t h e  w e l l  - 
c a s i n g s ,  

3 .  t h e  complete  d e s c r i p t i o n  ( i n c l u d i n g  l o c a t i o n ,  l e n g t h ,  - 
d i a m e t e r ,  s l o t  s i z e s ,  e t c . )  of any w e l l  s c r e e n s ,  

4 .  t h e  wate r -bear ing  s t r a t a ,  i f  any ,  and t h e  e x a c t  - 
l o c a t i o n  t h e r e o f ,  

5. t h e  amount of g r a v e l  pack and cement used i n  t h e  well, - 
and 

6. o t h e r  p e r t i n e n t  d a t a  r eques t ed  by t h e  Engineer .  - 



1-0.6.05 T h e  C o n t r a c t o r  s h a l l  run geophys ica l  l o g s  a t  t h e  
comple t ion  of  d r i l l i n g .  E l e c t r i c  r e s i s t i v i t y  and p o s s i b l y  
spontaneous  p o t e n t i a l  on a  c o n t i n u o u s  l og  s h a l l  be r u n  and one 
copy s h a l l  be  f u r n i s h e d  t o  t h e  Engineer  immediately on comple t ion  
of l ogg ing  o p e r a t i o n s .  The Engineer  may r e q u i r e  t h a t  c e r t a i n  
l o g s  be r e run .  

1-06.06 Any w e l l  completed f o r  a  pe r iod  p r i o r  t o  u s e  f o r  
t e s t i n g  purposes  o r  l e f t  uncompleted due t o  a  d e l a y  i n  
c o n s t r u c t i o n ,  and a l l  w e l l s  a t  t h e  end of t he  t e s t i n g  p e r i o d ;  
s h a l l  be capped by t h e  C o n t r a c t o r .  Caps s h a l l  be l o c k a b l e  w i t h  
cemented, t h r eaded  o r  welded f i t t i n g s ,  and prov ided  w i t h  a  
1/8-inch ven t  h o l e .  

1-07.00 C o n s t r u c t i o n  Procedure  - and D e t a i l s  

A.  Shal low Wells .  - 
A 12-inch d i ame te r  h o l e  s h a l l  be d r i l l e d  th rough  

unconso l ida t ed  d e p o s i t s  and approx imate ly  10 f t .  i n t o  bedrock.  
A f t e r  d r i l l  t o o l s  a r e  removed, t h e  Con t r ac to r  s h a l l  sound t o  t h e  
bottom of  t h e  h o l e  and run  g e o p h y s i c a l  logg ing  a s  d e s c r i b e d  i n  
S e c t i o n  1-06.05. I f  t h e  h o l e  h a s  caved,  t h e  C o n t r a c t o r  s h a l l  
c l e a n  t h e  h o l e  t o  t h e  s a t i s f a c t i o n  of  t h e  Engineer w i t h o u t  
a d d i t i o n a l  payment. I f  it is determined by t h e  Engineer  t h a t  
t h e r e  is  s u f f i c i e n t  q u a n t i t y  of wate r  and of a c c e p t a b l e  q u a l i t y  
t o  w a r r a n t  i n s t a l l a t i o n  of  a  permanent p roduc t ion  w e l l ,  t h e  w e l l  
w i l l  be s c r e e n e d ,  c a s e d ,  and g r a v e l  packed. T h e  s c r e e n  s h a l l  be 
of PVC ( p o l y v i n y l  c h l o r i d e )  s l o t t e d  p l a s t i c  p i p e ,  of 
6  i nch  minimum nominal  d i a m e t e r .  S l o t  s i z e  s h a l l  n o t  exceed 
1/8 inch .  The s c r e e n  s h a l l  be p laced  a g a i n s t  t h e  wa te r -bea r ing  
s e c t i o n s  i n  t h e  w e l l .  The remainder o f  t h e  w e l l  w i l l  be cased  
w i t h  6 inch  minimum nominal  d i ame te r  PVC ca s ing .  Casing s h a l l  be 
new w i t h  minimum w a l l  t h i c k n e s s  of 0.280 inch.  Casing and s c r e e n  
s e c t i o n s  w i l l  be jo ined  by t h e  u se  of  th readed  and coup led ,  o r  
cemented j o i n t s ,  and g u i d e s  w i l l  be used f o r  c e n t e r i n g  of  t h e  
c a s i n g  and s c r e e n  column i n  t h e  w e l l  above a s  d e s c r i b e d  i n  

] 1.07.03. 

A f t e r  lower ing  of c a s i n g  and s c r e e n  assembly,  t h e  annu lu r  
between t h e  s c r e e n  and fo rma t ion  w i l l  be g r a v e l  packed. The 
Con t r ac to r  s h a l l  sound t o  t h e  bottom of  t he  h o l e  i n  t h e  a n n u l u s  
a s  aproved by t h e  Engineer .  -- I f  t h e  Engineer -- de te rmines  t h a t  - t h e  
h o l e  h a s  caved p r i o r  t o  r a v e l  em lacement t h e  C o n t r a c t o r  s h a l l  - - ' Z Z E u m t -  r e m o v e t h e c a v e d  m a t e r i a l  s o  t a t  t e r e  
s c r e e n  w i l l  be i n  d i r e c t  c o n t a c t  w i t h  t h e  g r a v e l  pack.  The 



method of  removal  of  c a v e d  m a t e r i a l  w i l l  be approved  by t h e  
E n g i n e e r .  No payment w i l l  be made f o r  removing c a v e d  m a t e r i a l .  
G r a v e l ,  approved by t h e  E n g i n e e r  w i l l  be s e t  i n t o  p l a c e  i n  t h e  
a n n u l u s  between t h e  s c r e e n  and h o l e  and a l s o  between t h e  c a s i n g  
and h o l e  u n t i l  t h e  t o p  o f  t h e  g r a v e l  is n o t  less t h a n  5 f t .  
above  t h e  t o p  o f  t h e  s c r e e n .  The a n n u l a r  s p a c e  be tween t h e  
c a s i n g  and h o l e  s h a l l  t h e n  be b a c k f i l l e d  w i t h  d r i l l  c u t t i n g s  t o  
10 f t .  below ground l e v e l .  The remain ing  10 f t .  s h a l l  t h e n  be 
g r o u t e d  t o  t h e  s u r f a c e  i n  a c c o r d a n c e  w i t h  1-07.01. 

I f  it is d e t e r m i n e d  by t h e  E n g i n e e r  t h a t  t h e r e  is n o t  
s u f f i c i e n t  wa te r  i n  t h e  u n c o n s o l i d a t e d  f o r m a t i o n s ,  d r i l l i n g  w i l l  
c o n t i n u e  i n t o  t h e  upper  50 o r  100 f e e t  o f  bedrock  as  d i r e c t e d  by 
t h e  E n g i n e e r .  I n  t h i s  c a s e ,  t h e  u n c o n s o l i d a t e d  m a t e r i a l  w i l l  be 
c a s e d  o f f  and d r i l l i n g  w i l l  b e  resumed i n t o  t h e  bedrock w i t h  a  
6 i n c h  d r i l l i n g  b i t .  No c a s i n g  o r  s c r e e n  s h o u l d  be  r e q u i r e d  f o r  
t h e  b o r e h o l e  i n  bedrock b u t  t h i s  w i l l  depend o n  f i e l d  c o n d i t i o n s .  
The c o n s t r u c t i o n  d e t a i l s  o f  s h a l l o w  wells a r e  g i v e n  s c h e m a t i c a l l y  
i n  E x h i b i t  1. 

B. Deep Wells. - 
A 1 2  i n c h  d i a m e t e r  h o l e  s h a l l  be d r i l l e d  from t h e  ground 

s u r f a c e  t h r o u g h  u n c o n s o l i d a t e d  d e p o s i t s  and 20 f t .  i n t o  t h e  
b e d r o c k .  A f t e r  d r i l l  t o o l s  a r e  removed, t h e  c o n t r a c t o r  s h a l l  
sound  t o  t h e  bot tom o f  t h e  h o l e  under  i n s p e c t i o n  by t h e  E n g i n e e r .  
I f  t h e  h o l e  h a s  c a v e d ,  t h e  c o n t r a c t o r  s h a l l  c l e a n  t h e  h o l e  t o  t h e  
s a t i s f a c t i o n  o f  t h e  E n g i n e e r  w i t h o u t  a d d i t i o n a l  payment.  An 
8 i n c h  o u t s i d e  d i a m t e r  (OD)  c a s i n g  s h a l l  t h e n  be p l a c e d  and 
g r o u t e d .  S u r f a c e  c a s i n g  s h a l l  b e  o f  b l a c k  s t e e l  w i t h  minimum 
wall t h i c k n e s s  of 0 .250 i n c h .  

A 6 i n c h  minimum h o l e  s h a l l  t h e n  be d r i l l e d  from t h e  bo t tom 
o f  t h e  1 2  inch  h o l e  u n t i l  a  s u f f i c i e n t  w a t e r  s u p p l y  s o u r c e  h a s  
b e e n  l o c a t e d  w i t h i n  a maximum t o t a l  d e p t h  o f  a b o u t  1500  f e e t ,  a s  
d i r e c t e d  by t h e  E n g i n e e r .  No c a s i n g  s h a l l  be p l a c e d  i n  t h e  
6 i n c h  h o l e  u n l e s s  s o  d i r e c t e d  by t.he E n g i n e e r .  Immedia te ly  
a f t e r  c o m p l e t i o n  o f  t h e  6 i n c h  h o l e ,  t h e  C o n t r a c t o r  s h a l l  sound 
t o  t h e  bot tom o f  t h e  h o l e  under  i n s p e c t i o n  by t h e  E n g i n e e r .  If 
t h e  h o l e  h a s  caved ,  t h e  E n g i n e e r  may d i r e c t  t h a t  t h e  h o l e  be 
c l e a n e d  and t h a t  a p p r o p r i a t e  s i z e  c a s i n g  b e  p l a c e d  a t  i n d i c a t e d  
d e p t h s .  Geophys ica l  l o g s  w i l l  t h e n  be r u n .  

If i t  is d e t e r m i n e d  by t h e  Eng inee r  t h a t  t h e r e  is s u f f i c i e n t  
q u a n t i t y  o f  w a t e r  o f  a c c e p t a b l e  q u a l i t y ,  t h e  w e l l  w i l l  be 
c l e a n e d ,  deve loped  and t e s t e d .  Othe rwise  t h e  b o r e h o l e  w i l l  be 
p l u g g e d  as p r e s c r i b e d  by t h e  E n g i n e e r ,  and abandoned.  The 
c o n s t r u c t i o n  d e t a i l s  o f  d e e p  wells a r e  g i v e n  s c h e m a t i c a l l y  i n  
E x h i b i t  2. 



1-07.01 The a n n u l a r  space  between t h e  c a s i n g  and borehole  s h a l l  
be g r o u t e d  by pressure-cement  g r o u t i n g  equipment t o  t h e  
s a t i s f a c t i o n  of t h e  Eng inee i .  The  g r o u t i n g  s h a l l  be done 
c o n t i n u o u s l y  and i n  one o p e r a t i o n .  F lu sh ing  of  t h e  a n n u l a r  space  
w i t h  wa te r  t o  a s s u r e  t h e  s p a c e  i s  open and t o  remove l o o s e  
m a t e r i a l  may be r e q u i r e d  by t h e  Engineer b e f o r e  g r o u t i n g  i s  
commenced. No d r i l l i n g  o p e r a t i o n s  o r  o t h e r  work i n  t h e  w e l l  w i l l  
be p e r m i t t e d  u n t i l  t h e  g r o u t  h a s  s e t  f o r  a  minimum pe r iod  cf 
24 hours  and t o  t h e  s a t i s f a c t i o n  o f  t h e  Engineer .  

1-07.02 The c a s i n g  and s c r e e n  ( i n  sha l low  w e l l s )  s h a l l  be 
i n s t a l l e d  i n  a s u f f i c i e n t l y  s t r a i g h t  manner t o  a l l o w  i n s t a l l a t i o n  
of a  permanent t u r b i n e ,  submers ib l e  o r  o t h e r  pump. --- I f  i t  i s  
s u b s e q u e n t l y  de te rmined  b~ t h e  Engineer t h a t  t h e  a p p r o p r i a t e  

ermanent pump assembly w x  components and m n c h  p i p e  ( f o r  - -- :ater l e v e l  measurements d u r i n g  non-pumpin3 and pumping s t a g e s )  
cannot  be i n s t a l l e d  and removed from t h e  well or t h a t  a c c u r a t e  
-wnmeasurements cannot  -- be made, no payment ---- w i l l b e  made f o r  

work a s s o c i a t e d  - wi th  -- t h i s  well- The d e t e r m i n a t i o n  o f  t he  
a c c e p t a b i l i t y  of t h e  w e l l  w i l l  be made by t h e  Engineer a f t e r  t h e  
w e l l  h a s .  been pumped. 

1-07.03 I n  a l l  wells c e n t r a l i z e r s  w i l l  b e  p l a c e d  a t  t h e  bottom 
of t h e  c a s i n g  and e v e r y  25  f e e t  t h e r e a f t e r .  

1-08.00 - Well Development 

The Con t r ac to r  s h a l l  supp ly  a l l  l a b o r ,  m a t e r i a l  and 
equipment f o r  well development. 

1-08.01 The development o f  a l l  w e l l s  w i l l  c o n s i s t  of  a i r  
s u r g i n g  and a i r - l i f t  pumping a s  p r e s c r i b e d  by t h e  Engineer .  
Wells  f i n i s h e d  i n  unconso l ida t ed  m a t e r i a l s  may be t r e a t e d  w i t h  
Calgon (Sodium Hexametaphosphate) .  I f  Calgon is used ,  a  wate r  
supp ly  approved by t h e  Engineer  f o r  i n j e c t i o n  of  t h e  Calgon 
m i x t u r e  i n t o  t h e  w e l l s  s h a l l  be r e q u i r e d .  A c l e a n  o i l  drum s h a l l  
be used t o  mix t h e  Calgon w i t h  wate r  p r i o r  t o  t h e  i n j e c t i o n .  I n  
a d d i t i o n ,  c h l o r i n e  o r  o t h e r  compounds approved by t h e  Engineer  
s h a l l  be used as  d i s i n f e c t a n t s .  The d i s e n f e c t a n t  s h a l l  be 
d e l i v e r e d  t o  t h e  s i t e  of t h e  work i n  o r i g i n a l  c l o s e d  c o n t a i n e r s  
b e a r i n g  t h e  o r i g i n a l  l a b e l  i n d i c a t i n g  t h e  pe rcen t age  o f  a v a i l a b l e  
c h l o r i n e .  The d i s i n f e c t a n t  s h a l l  be r e c e n t l y  purchased .  The 
q u a n t i t y  of  c h l o r i n e  compounds used f o r  d i s i n f e c t i o n  s h a l l  be 
s u f f i c i e n t  t o  produce a  minimum of 50 ppm ( p a r t s  pe r  m i l l i o n )  



a v a i l a b l e  c h l o r i n e  i n  s o l u t i o n  when mixed w i t h  t h e  t o t a l  volume 
of wa te r  i n  t h e  w e l l .  

1-08.02 Development o p e r a t  i o n s  s h a l l  c e a s e  when t h e  completed 
wells produce no s and ,  g r a v e l  o r  a b r a s i v e s  when pumped w i t h i n  t h e  
d i s c h a r g e  range  of  t h e  t e s t  d e s c r i b e d  i n  1-09.00. 

1-09.00 - Well T e s t i n g  

The C o n t r a c t o r  s h a l l  f u r n i s h ,  i n s t a l l  and remove t h e  
n e c e s s a r y  measur ing i n s t r u m e n t s  and pumping equipment c a p a b l e  of  
pumping t o  t h e  r e q u i r e d  p o i n t  of  d i s c h a r g e ,  a maximum of  80 
U.S. gpm, w i t h  a  maximum pumping l e v e l  o f  500 f e e t ,  and wi th  
s a t i s f a c t o r y  t h r o t t l i n g  d e v i c e s ,  s o  t h a t  t h e  d i s c h a r g e  may be 
reduced.  The pumping u n i t  s h a l l  be comple te  w i t h  an ample power 
s o u r c e ,  c o n t r o l s  and appur t enances  and s h a l l  be c a p a b l e  of  be ing  
o p e r a t e d  w i t h o u t  i n t e r u p t i o n  f o r  a  p e r i o d  of 8  hours .  

P r i o r  t o  s t a r t i n g  t h e  pump, wate r  l e v e l  measurements s h a l l  
be made i n  t h e  p roduc t ion  we l l  and t h e s e  measurements s h a l l  be 
r eco rded .  The well s h a l l  be t t s t e p t t - t e s t e d  a t  v a r i o u s  r a t e s  of 
d i s c h a r g e .  The complete  t e s t  i s  e s t i m a t e d  t o  r e q u i r e  
app rox ima te ly  8  hours .  The C o n t r a c t o r  s h a l l  o p e r a t e  t h e  pump and 
change t h e  d i s c h a r g e  a s  p r e s c r i b e d  by t h e  Engineer .  Discharge of 
t h e  pump s h a l l  be c o n t r o l l e d  by both  g a t e  v a l v e  and eng ine  
t h r o t t l e ,  a s  t h e  pump w i l l  be eng ine  d r i v e n .  The d i s c h a r g e  s h a l l  
be c o n t r o l l e d  and main ta ined  a t  approx imate ly  t h e  d e s i r e d  
d i s c h a r g e  f o r  each  s t e p  wi th  an accu racy  of p l u s  o r  minus 
5  p e r c e n t .  Pump d i s c h a r g e  s h a l l  be measured by a  method approved 
by t h e  Engineer .  

1-09.01 A 1-inch p i p e  s u i t a b l e  f o r  measurement w i th  e l e c t r i c  
sounder  and open o n l y  a t  t h e  bottom and t o p  s h a l l  b e  i n s t a l l e d  
f o r  wa te r  l e v e l  measurements. The bottom of t he  p i p e  s h a l l  be 
s e t  2 f e e t  above t h e  t o p  of t h e  pump bowl assembly.  

1-09.02 Discharged water  s h a l l  be conducted from t h e  pump t o  
t h e  n e a r e s t  su r face-wate r  body, s t o rm sewer ,  o r  d i t c h ,  a s  
approved by t h e  Engineer  o r  h i s  r e p r e s e n t a t i v e .  I t  is impera t i ve  
t o  i n s u r e  t h a t  no damage by f l o o d i n g  o r  e r o s i o n  is caused t o  t h e  
chosen d r a i n a g e  s t r u c t u r e  o r  d i s p o s a l  s i t e .  



1-09.03 I f  a pumping tes t  is s t a r t e d ,  t h e n  must be s topped  due  
t o  equipment breakdown o r  inadequa te  s u p e r v i s i o n  by t h e  
C o n t r a c t o r ;  no payment w i l l  be made f o r  t h e  t ime s p e n t  pumping 
b e f o r e  t h e  t e s t  had t o  be s topped ,  o r  t h e  t ime s p e n t  w a i t i n g  f o r  
r e c o v e r y  b e f o r e  t h e  t e s t  is r e s t a r t e d .  If any p a r t ' o f  t h e  
pumping equipment f a i l s  t o  o p e r a t e  p r o p e r l y  o r  impa i r s  t h e  p rope r  
f u n c t i o n i n g  of  a n o t h e r  e lement  o r  i n s t rumen t  involved i n  t h e  
t e s t ,  t h e  equipment  s h a l l  be removed and r e p a i r e d  a t  t h e  expense  
of  t h e  C o n t r a c t o r  and no payment w i l l  be made f o r  t h e  d e l a y .  

1-09.04 Water samples  w i l l  be t aken  a t  l e a s t  once from t h e  
pumped wate r  a t  each  s t e p  of t h e  pumping r a t e .  Samples w i l l  be 
c o l l e c t e d  and p l a c e d  i n  approved c o n t a i n e r s ,  s e c u r e l y  c l o s e d  t o  
avo id  s p i l l a g e  and con tamina t ion ,  and l a b e l e d  w i th  t h e  f o l l o w i n g  
informa t i a n :  

1. Number of  well - 
2. Date and t ime  taken  - 
3. Pumping r a t e  a t  t ime of sampling - 

1-10.00 Cement P luqg ing  

I f  w e l l s  a r e  t o  be  abandoned t h e  Engineer may d i r e c t  t h a t  
t h e y  be plugged by pressure-cement  g r o u t i n g  i n  accordance w i t h  
1-07.01. 

1-11.00 A d d i t i o n a l  -- Work and P r o t e c t i o n  - of  Wells  

A t  t h e  o p t i o n  of  t h e  Owner, a d d i t i o n a l  work may be 
a u t h o r i z e d .  A d d i t i o n a l  work s h a l l  be a t  p r i c e s  n o t  exceed ing  
t h o s e  f o r  comparable  work and m a t e r i a l s  determined by t h e  
Engineer  and Owner, a s  t hose  f o r  t h e  u n i t  p r i c e s  i n  t h i s  
C o n t r a c t .  

1-11.01 The  Engineer  w i l l  d i r e c t  t h i s  work which may i n c l u d e  
c o n s t r u c t i o n  o f  a p p u r t e n a n t  s t r u c t u r e s .  T h i s  work i s  n o t  p a r t  of 
t h i s  c o n t r a c t .  However, t h e  Engineer w i l l  d i r e c t  t h e  C o n t r a c t o r  
t o  cap a l l  wells wi th  e i t h e r  welded,  theaded o r  cemented c o v e r s  
a t  ihe c o n c l u s i o n  of o p e r a t i o n s  p r i o r  t o  any permanent 
a d a p t a t i o n .  No payment w i l l  be made f o r  t h i s  capping.  



GUIDELINES FOR PERFORMING PUMPING TESTS 

Purpose and Scope of Tests - 
A pumping test is conducted to determine the hydraulic 

characteristics of an aquifer(aquifer test) or to provide 

information about the yield and drawdown of the well (well 

test). 

Properly planned and carefully conducted aquifer tests 

are necessary to provide.basic information for the solution 

of many regional as well as local ground-water flow problems. 

This information can be used to determine aquifer yield; 

number, design, and spacing of wells; and projected decline 

. in water levels due to a specified rate of withdrawal. It 

is with these objectives that we are mainly concerned in 

this note. 

Well test data can be used to determine the specific 

capacity of the well, select the type of pump, and estimate 

the cost of pumping. The specific capacity gives a measure 

of the effectiveness or productive capacity of the well. 

While well tests are primarily intended to determine the 

well specific capacity, the data also can be used to compute 

approximate values of aquifer characteristics. 

Testinq Principle - and General Procedure 

In principle the aquifer test consists of field measurements, 

of aquifer response to the effects of controlled pumping, 

that are used to compute hydraulic and elastic properties of 

the aquifer. Water is pumped at a controlled rate from a 



well completed only in the aquifer under evaluation while 

water levels are meas~red in the pumped well and in identically- 

completed observation wells. The hydraulic characteristics 

of the aquifer are then found by substituting the drawdowns, 

kime of measurement, distance from the pumped well, and well 

discharge in appropriate formulas. 

It is desirable that a step-test be, conducted first 

4 
before a constant-rate. test is started. This involves 

WdfC 
pumping at three,,successive discharge rates and analyzing 

the rzsults to determine a discharge rate for the longer- 

term test. In certain cases, step-test data can be also 

used to determine approximate values of aquifer properties. 

, The step test can be completed in a few hours and the long- 

term constant-rate test is .usually run from one to several 

days. 

Aquifer test results often are used to predict effects 

many miles distant and man? years hence. Consequently, it 

is extremely important that the test be conducted under 

close control and that precise measurements records be 

maintained, particularly since the test period is relatively 

short and the sampled area relatively small. 

Pre-Test Data Collection 

Prior to the performance of an aquifer test, the 

necessary information of the subsurface geological and 

hydrological conditions has to be collected. This includes 

the geological features of the aquifer, for example the 



lithologic character and thickness af the aquifer, the 

aquifer boundaries, the direction of groundwater flow, the 

water table gradients, and the regional water-level trend. 

Knowledge of the geology and hydrology of the area of study 

will be helpful in deciding on the type of pumping equipment 

needed and on the number and location of the tests. Such 

knowledge may also be of great importance when the test data 

are being analyzed and boundaries have ta be taken into 

account. 

Records of the pumped well and piezometer construction 

details should be obtained and reviewed. This i's' to include 

well diameter,,total depth, lithologic log, casing and 
. 

screen record, sieve analyses of formation.and gravel envelope, 

water levels, and any data relevant to the analysis or the 

geological conditions which define the regfame. 

The water level or artesian pressure at any well is 

normally changing due either to variations in pumpage from 

the aquifer, barometric changes, or the natural accretion or 

depletion of the groundwater reservoir. Ideally, a pumping 

test should not be started before the already existing water 

level changes in the aquifer are known, including both long- 

term regional trends and short-term variations of the water 

level. Hence, for some days prior to the actual test, the 

water levels in the piezometer should be meamred and a 

hydrograph delineating the trend and rate of water level 

change is prepared. At the end of the test, i.e. after 



complete recovery,  water  l e v e l  r ead ings  should cont inue f o r  

one o r  two days. With t he se  d a t a , t h e  hydrographs a r e  completed 

and t h e  r a t e  of water  l e v e l  change dur ing  t h e  test  can be 

. determined. .  This  information can then be  used t o  c o r r e c t  

t h e  drawdowns induced by pumping alone.  

When a  pumping tes t  i s  expected t o  l a s t  one o r  more 

days ,  t h e  barometr ic  pressure ,  t h e  l e v e l s  of su r f ace  wa te r s ,  

i f  p r e sen t ,  and t h e  p r e c i p i t a t i o n  should a l s o  be measured. 

T e s t  - Set-up 

Pump and Power Unit: -- - 
The pumping u n i t  should be v e r t i c a l  t u rb ine  type  

d r i ven  by an e l e c t r i c  motor o r  a  ga so l i ne  (or  d i e s e l ]  

engine  capable  of very s t a b l e  speed r egu l a t i on .  The pump 

must be capable  of cont inous opera t ion  f o r  t h e  f u l l  per iod  

of t h e  tes t  a t  a  c l o s e l y  c o n t r o l l e d  r a t e ;  the re fo re ,  t h e  

pump and motor should have g r e a t e r  capac i ty  than t h e  a n t i c i p a t e d  

requirement.  The capac i ty  of  t h e  pump and t h e  r a t e  of 

d i scharge  should be  high enough t o  produce good measurable 

drawdowns i n  piezometers as f a r  away a s  400 o r  ~ o O  f e e t ,  

depending on t h e  a q u i f e r  cond i t ions .  

It  i s  w e l l  t o  perform a t r i a l  run t o  check t h e  c a p a b i l i t y  

of t h e  equipment, t o  a s su r e  t h e  free passage of water l e v e l  

measurement equipment down t h e  w e l l  bore and t o  l o c a t e  and 

e l i m i n a t e  any packing l eaks  o r  o t h e r  obs t ruc t i ons  t o  r ap id  

and accu ra t e  observat ions.  This  would a l s o  provide a  good 

oppor tun i ty  f o r  checking on whether o r  n o t  a l l  t h e  piezometers 

a r e  performing s a t i s f a c t o r i l y .  



Discharqe Piping: 

The discharge pipe must be equipped with a gate valve 

for regulation of flow, and it is helpful to calibrate the 

valve setting during the abo.iy,-?-mentioned trial test. An 

orifice tube (Figure I), commercial meter, or other discharge 

measuring device should be installed and calibrated so that 

accurate measurements can be made. A weir box may also be 

used for discharge measurement. 

  is charge Disposal Facility 

Arrangements should be made prior to'the test to 

ensure that water delivered by the well is pk prevented from 
re-entering the tested aquifer. This can be done by conveying 

the water through a large-diameter pipe over a convenient 

distance, say 400 or 500 feet, and then discharging it into 4 

a canal or natural channel which is not in hydraulic connection 

with the tested quifer. The pumpedwater may also be conveyed 

through a shallow ditch; but unless it is certain that 

seepage wil:.: not reenter the aquifer, precautionary measures 

should be taken to seal the bottom of the ditch with clay or 

plastic sheets to prevent seepage. 

The water should be discharged away from the 

line of piezometers. If a ditch or open water course is 

used to discharge the punped water, flow measurements should 

be made in these channels. Piezometers may be used 60 check 

whether water losses occur through the bottom during the 

test. 



Performinq the Test -- 
Performing test involves of a test 

well at a prespecified discharge rate and measurement and 

recording water level in the pumped well and piezometers 

during pumping and recovery. The discharge rate is to be 

monitored periodically and is to be controlled and recorded 

throughout the 

Discharge Measurement 

period. 

The discharge rate should be kept constant throughout 

the long-term test. The discharge rate should be measured 

accurately and recorded p;riodically, al least once every 

hour, and necessary adjustments must be made from time to 

time to keep the discharge rate constant. This can be done 

by a valve in the discharge pipe, rather than by changing 

the speed of the pump, as a valve gives more accurate control. 

Discharge measurement must have a 95 percent accuracy, or 

better, no matter which measurement method is used. 

When the orifice tube meter is used for discharge 

measurement, the chart and equation given in Figure 1 can be 

used to determine well discharge if standard reference 

tables or curves are not available. The orifice meter is 

preferred because it provides good sensitivity (small 

changes in rate are detectable) and direct, visible measurement 

(no computations or delay are involvedl. 



. Water Level  Measurement 

Water l e v e l  obse rva t ions  are made i n  t h e  pumped w e l l  

and,  f o r  t h e  c o n s t a n t - r a t e  test, i n  a s  many piezometers  and 

o b s e r v a t i o n  wells as p r a c t i c a b l e .  These r ead ings  are 

o b t a i n e d  by any of  s e v e r a l  methods:. S t e e l  t a p e  and cha lk  o r  

i n d i c a t o r  compound, s t e e l  t a p e  and f loa t ,  e l e c t r i c  d r o p l i n e ,  

a i r l i n e  and a l t i t u d e  gage, o r  f l o a t  a c t u a t e d  automatic  

r e c o r d e r .  The use  o f  s t e e l  t a p e  and c h a l k  and t h e  use of a  
. , 

r e c o r d e r  axe  preferred.  

Water l e v e l  changes due t o  uniform pumping vary  e x p o n e n t i a l l y  

w i t h  t h e  e l a p s e d  t i m e  from t h e  s t a r t  or change i n  pumping 

rates. I n  o t h e r  words, t h e  same drawdown increment would be 

expected  between t e n  and one-hundred minutes ,  as t h a t  observed 

between one and t e n  minutes. I t  i s  impor tan t ,  t h e r e f o r e ,  

t h a t  water  l e v e l  r e a d i n g s ' b e  a s  a c c u r a t e  and f r equen t  a s  

p o s s i b l e  i n  t h e  i n i t i a l  minutes of  t h e  test. Frequency of 

measurement can  be reduced a s  t h e  test proceeds.  The r e a d i n g s  

can  be made eve ry  30-60 seconds i n  t h e  first 5 minutes of  

t h e  test ,  2-5 minutes  i n  t h e  subsequent  hour,  10-15 minutes  

i n  t h e  fo l lowing two hours ,  and 30-60 minutes i n  t h e  remainder 

o f  khe test .  

A f t e r  t h e  pump i s  s h u t  down, t h e  water l e v e l  i n  t h e  

pumped w e l l  and t h e  piezometers w i l l  s t a r t  to  r i s e .  In t h e  

f i r s t  hour it w i l l  rise r a p i d l y ,  b u t  as t ime goeS on, t h e  

rate o f  rise decreases .  This  p a r t  of t h e  pumping t e s t  is  

c a l l e d  a recovery  t e s t .  Recovery test data can be used a s  a 



check on t h e  c a l c u l a t i o n s  based on t h e  drawdown da t a .  The  

schedu le  f o r  recovery measurements i s  t h e  same a s  t h a t  

fol lowed t o  dur ing  t h e  pumping period.  

Obviously watches having sweep second hands a r e  necessary  

and a l l  watches should be synchqn i zed  be fo r e  t h e  t e s t  i s  

s t a r t e d ,  o r  when poss ib le ,  a r range  a s i g n a l  f o r  t h e  moment 

pumping is s t a r t e d  s o  t h a t  a l l  observers  know t h e  exac t  

s t a r t i n g  time. I f  it i s  necessary t o  use an a i r l i n e ,  t h e  

a l t i t u d e  gage should be re -ca l ib ra ted  be fore  t h e  test  and 

v e r i f i e d  by d i r e c t  measurement. The gage d i a l  should read 

i n  f e e t ,  d i r e c t l y  i f  pos s ib l e ,  and should be 8-inch o r  

l a r g e r  i n  diameter  wi th  t h e  f u l l  d i a l  displacement s u f f i c i e n t  

t o  encompass t h e  f u l l  range of va lues  expected bu t  not  much 

g r e a t e r  because of a s a c r i f i c e  of accuracy. 

P o i n t s  from which measurements a r e  made on va r ious  

w e l l s  should be r e f e r r e d  t o  a common datum, and i f  a r ecorder  

i s  used, t h e  s e t t i n g  f o r  t h e  recorder  c h a r t  v e r i f i e d  by 

direct  measurement when t h e  c h a r t  is i n s t a l l e d  and again 
C 

when t h e  c h a r t  i s  removed. 

The d a t a  should be ' recorded i n  a concise  l e g i b l e  manner, 

of t h e  g e n e r a l  form shown by Figure 2. Recorder c h a r t s  

should  be submit ted wi th  t h e  da ta .  

Duration of T e s t  -- 
The ques t i on  how many 

cont inuously  i s  d i f f i c u l t  

hours t h e  

t o  answer 

w e l l  should 

because t he  

pe r i od  of pumping depends on t h e  type  of a q u i f e r  t e s t e d  and 



the degree of accuracy desired in establishing the hydraulic 

properties. Economizing on the period of pumping is not 

recommended because the costs of running the pump a few 

extra hours are low compared with the total costs of the 

test, particularly when the wells have been specially 

constructed for test purposes. Morover, better and more 

reliable results are obtained if pumping continues till the 

water level has been stabilized or nearly stabilized and 

equilibrium is reached. 

In some wells, conditions of steady flow or equilibrium 

occur a few hours after pumping starts; in others they occur 

within a few days or weeks, whereas in some wells they never 

occur even though pumping continues for years. If a pumping 

test is performed in a confined aquifer it is good practice 

to pump the well for a period of 24 hours. In a water table 

aquifer a longer period of pumping is required and it is 

common practice to pump the well for two or three days. 

It is not absolutely necessary to continue pumping 

until a steady flow situation is reached because there are 

methods available to analyze nonsteady-state data. Neverthe- 

less, it is recommended that pumping be continued until a 

steady flow is reached,, especially when accurate information 

on the aquifer characteristics is desired, for example as a 

basis for pumping stations for domestic water supply or 

other expensive construction works. Simple equations can 

then be used for the analysis of the data and reliable 



results obtained. Another advantage is that a longer period 

of pumping may reveal' the presence of boundary conditions 

previously unknown. 

Preliminary plotting of drawdown data during the test 

will often show what is happening and may indicate how much 

longer a test should continue. 



Discharge Measurement by the 
Orifice Tube .Method 

Saurr=e : t a p  axtl Buwler, Inc. , "--t of Water Flow f$mxgh Pipe 
Orifice w i t h  Free Discharge: . Mmphis, Tennessee, 1958. 
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PLWPING TEST DATA 

Test conducteri by: Alpha Encinccrin.c Cd. ;rnJ Stncc U'l~ter Survey 

U'cll Owncr: Ci rv  of I>ocr i l lc  Atlrlcess: L~ac\.ille. I l l i no is  

Pumped well NO.: 2 Location: Approx. 1000' N k !00' U' of SE Cor. of 

Sec. 10 Twp. 1 N. I h g e  3E. County Doc 

Clbsctvntion U'ell Locncions: No. 1 - 1270' due west of Well No. 2 
Air l ine L c n ~ t l r s :  Pun~pcri U'ell 97.)' Olscrvruion U'ells 

Hcmorks: Elevnt ion of top o f  Cnsinc U'cll No, 2 - 704.0SD hISL 
I'lcvntion of rop of Cnsinr: Well No. 1 - 705.71' AISL 

l'esr otrscrvcd bv 1t.T.S. .t G.1I.N.. Pumpinr r;itc nlcnsurcd with 8" x 10" orficc. w:rter levc ls  nicnsured with 

? nnd rccordcr i n  U'cll 1. 

Once 
3 nd 

'Time 

- - 

Elnpscd 
Time 
hlin. I 

i 
I 
I 
I- 

T 
I 

Source: Skate Water Survey 

Pumpcd U'cll Data 

&prt of Investigation No.  25, 1955 (~llinois) . 

Flow 
Gage 

I teml ing  
Fccc 

2.00 
2.64 

Puniping 
I k~cc  
tip51 

15 29 
1753 

Remarks Feet 

' t9  
W ;rr cr 

2.64 

-2-1.1 
2.71 
2.73 
2.71 
2.73 
2.74 
2.74 
2.74 
2.74 - 
2.73 
2.72 
2.67 
2.67 
2,69 - 
2.71 

Pump 
Dischsrge 
Pressure 

Fccc 

42.5 

35.5 
33.0 

30.2 
29.7 

Alt i tude 
Gage 

Rending 

67.8 

I 

I 
54.8 1 Non-Pumoing Leve l  

1 StartcJ Pumpinc 

61.3 I 
64.3 

I 
67.1 
67.6 

2.75 
2.75 
2.75 
2.71 
2.71 
2.69 
2.71 
2.71 

2.60 
2.71 - 
2.71 

1753 
68.1 
63.4 
- G8.6 

68.7 
69.5 
69,7 
6 9.8 
69.? 
70.0 
70.1 
70.2 
70.7 
70.8 
70.8 
70.8 
70.6 

29.5 
29.2 

--. 
- 

Snmplc No. 1 col lected 

1791 
1771 
179 1 
1767 
1767' 
1760 
1767 
1767 

1760 
1767 
1767 

- 1?67 
1767 
1779 
1767 
1779 
1780 
1750 
1780 
1780 
1777 
1775 
1760 
1760 
1760 
1767 

~ c r i p  54.4'F 

- 

26.7 
26.4 
26.1 
26.0 
26.4 
26.5 
26.5 
26.5 

26.5 
26.5 
26.5 

28.9 
28.7 
28.4 
27.8 
27.6 
27.5 
27.4 
27.3 
27.2 
27.1 
26.6 
26.5 
26.5 
26.5 
26.7 

70.6 
70.9 
71.2 
71.3 
70.7 
70.8 
70.8 
70.8 

70.8 
70.8 
70.8 



APPENDIX B 



GEORGE E. FAILING COMPANY / A DIVISION OF AZCON CORPORATION 



choice of 
7%" or 5%" rotary table 

31' 6", 35' or 38' clearance in mast 

options 
0 air clutches 

hydraulic leveling jacks 

third drum (sand reel) 

0 5x6%, 5x6, 5x8 or 5%x8 mud pump 

0 two 5 ~ 6 %  mud pumps, side by side 

0 3"x4" centrifugal pump 

0 50-S1, 50-SDS, 100-SDS or 25642 
air compressor 

0 hydrostatic driven rotary table 

0 variable hold-back on pulldown 

0 water injection system 

0 spudder attachment 

0 force-feed clear vision lubricator for 
down-the-hole tool 

On the unit pictured above, an auxiliary engine is mounted on deck to drive 
the 25642 compressor for high pressure air drilling. Drill unit is powered by 
the truck engine through the FAILING power takeoff. This arrangement 
givys r reserve of power and allows full control of the rotary rpm as required 
for down-the-hole tool operation. Note the optional third drum. 

This drill is powered completely by the truck engine via power take-off. I t  
ir equipped with the 100-505 air compressor and the FAILING 5 ~ 6 %  mud 
pump (covered). It also carrier the optional third drum, 

This drill is equipped with the FAILING FM.45 reciprocating mud pump and 
the 314 centrifugd pump. This compact unit ir mounted on a 175" WB truck 
and ir powered by the truck engine through the FAILING power trke-off. 

Thia CF.15 i a  equipped with the FAILING FM-45 Sxbl/r mud pump for 
convrntionai rotary drilling. Entire unit is powered by the truck engine 
through the FAILING power takeoff. 



VERSATILE 
With a choice of masts, rotary tables, mud pumps and/or air compres- 
sors, and with its many optional features, the FAILING CF-15 HOLE- 
MASTERB drill is equipable for drilling any formation . . . anywhere. 

PUMP and/or COMPRESSOR 
When equipped with the FAILING 5 ~ 6 %  reciprocating mud pump, it is 
rated to drill water wells to 1500 feet, using 2%" drill pipe. Large 
diameter wells to shallower depths are possible with the (optional) 3x4 
centrifugal pump. .Or, with an iaptional) air compressor, you have a 
combination unit for drilling with either air or mud. 

or . . . TWO PUMPS 
When your drill is  scheduled to be used for both large and small dia- 
meter holes, such as for municipal wells and for private wells, greater 
flexibility may be provided by mounting two FAILING FM45 pumps 
side by side. Users cite many advantages for this dual pump installation. 

HIGH PRESSURE AIR 
A choice of compressors i s  offered in sizes and capacities for down-the- 
hole tool drilling, for rock bit drilling, or for developing water wells. 
Operators using high pressure air and down-the-hole tools report success 
with this equipment in the hardest formations. For units so equipped, 
an optional HOLD-BACK feature is available, enabling the driller to 
control the amount of weight on the hammer bit for more efficient 
,operation. 

TWO-SPEED HYDRAULIC CHAIN FEED 
The FAILING hydraulic chain feed consists of two pulldown chains actuated by one 
hydraulic motor. Drive i s  through a two-speed transmission via guarded chains 
to an equalizing jackshaft for even tension on both pulldown chains. Final drive 
sprockets are individually mounted on short shafts and are fitted with needle type 
anti-friction bearings. Feed c::ains run in a vertical plane over the table centerline, 
giving a straight pull down on the kelly. The two-speed transmission provides 
increased pulldown capacity with low hydraulic pressures. It shifts into neutral 
for free-wheel spudding and rod connections. Spring tension in crown block auto- 
matically maintains adjustment and proper tension on feed chains, which remain 
tight and in full engagement with the sprockets while raising or lowering the mast. 
The hydraulic drive maintains r constant bit pressure, gives r smooth feed, pre- 
vmnfs overstressing or breaking feed chains and insures longer life for your bits 
and dow 1-the-hole tools. . 



i ( 1100 ft. ~ 7 . 1  m l  holes Designed lo  handle casing loads up lo  15,000 Ibs. wl lh single shrove block. 
, CAP~C~n with 17h" (73.021 ntm) dri l l  pipe. 

M A I T  Clectricolly welded from cold drown stmrl Height. ...... .31'.6" (9.61 m) or 35 It. (10.7 ml, or 30 11. (1 1.51 m) 
choice of tubinj. l i g id  structural sections. lo isrd and cleoronce obave toble for usin 10 It. 6.1 m) drill pipe. 

lowered by one lorge double-octing hydroullc Total grow topacity ........ .40,000 Ibs. (18!44 kg) 
t w o  lengths cylinder. Man. h w k  load copocily.. . . .  1J.OM) Ibs. (10,340 kg) wlth single sheave block. ..... . . (Mosls wlth eapanded working oreos ore Crown.. .l sheovos for wire Ilne; angled over hole ond drums; roller beoring. 

ovoiloble,) (3.sheove  crow^^ avoiloble when drill is equipped wilh optional third drum, 
Sprina tension provided in  crown for eoch ~ u l l d o w n  choin. 

DRAWWORKS Two identical drums. Spool diameter.. ........ 7". ................. (17.78 cm) 
Spirol brvel gear drive. Swo l  len th ............ IU" .............. 121.11 cm) 
Oil  both lubrication. Moa. ring% line pull.. .... 15,000 Ibs.. .......... (6.804 kg) 
friction clutch on eoch drum. broker.. ................ 16" a 6" single.. ..... 140.64 cm a 11.24 cm) 
Air clutches optional. Line copocity.. .......... .I/$' a 100 11.. .. : ..... .(12.7 mm a 111.4 m) ... ......... ......... Clutches.. ,. .ll").ploIe .(35.16 cm) 

Third drum or so8'd reel for bailing. Spool diameter.. ....... ..I" ................. (17.78 cm? ......... ................ fOprion01) Spool length.. .24" 160.96 cm) 
iriction clutch standard. ' Mom. single line pull.. .... 4,000 Ibs.. ........... 11.814 kg) 
Air clutch optional. Broke.. ................ .16" m 4 W '  singlm. . . . .  140.64 cm m 11.43 cm) ................ ........ I Clutch.. 

11" 3-plote.. .(17.94 cm) --. 
ROTARY Retroctoble hydroulicolly 14". Opening. ............... 7%::. ............... 119.01 cm) 

Sqirol bevel geon. or.. ............ 5th ............... ( I  3.34 cm) 
011 both lubrication. 
Tapered roller beorings throughout. 

PULLDOWN Hydraulic motor drive. Pulidown i n  low geor.. .. .4.6)0 Ibs. per 100 psi hydraulic pressure. 
Two IVa" pitch chains. Pulldown i n  high geor. . . .  1.900 Ibs. per 100 psi hydraulic pressure. 
Two.~peed Ironsmission. (Actuol atoll or 80% thwreticol.) 
Hold.bock feolure optionol. 

MUD V.be11 drive. Choice of models. FAILING Model f~.4J, 1" a 6 h "  (11.7 un a 11.88 cm) duplex reciprocdting type power 
Friction clutch ollows belts to remoin idle pump. PUMP when pump is not running. Oplionol mud pumps include the 1" a 6". 1" a 8" ond 5'h" a 8" (12.7 a 11.14 cm; 

(Optional) 11.7 a 10.31 cm; and 13.97 a 10.31 cm). 

S i ~ e  . . . . . . . . . . . . . . . . .  3" 14". . . . . . . . . . . .  
Aroiloble only on certoin units. 

.(76.2 mm m 101.6 mm) 

AIR V-belt drive. Choice of models. Model 1041 ~rov ides operoting pressures up l o  45 psi. 
Equipped with sofety valve, oir cleaners, Model 5O.SDS or 100-SDS provides operoting prmsures up to 121 psi. COMPRESSOR uniooding mechanism and surge tonk. Model 11641 provides operating pressures up to 210 psi. 

(0ptior.d) 
- - -- -- - -- - 

All hellcal gews. Single plate 11'' (301 mm)-four speeds forword; one speed reverse. lotory speeds from 35 to 110 rpm with engine 

M E C H , * ~ ~ ~ ~  rotary clutch oheod of transmission. ot 1800 rpm. temore controlled from driller's stotion. An op~ionol 3.s~e-d cuaiiiary 

DRIVE 
tronsmission is avoilable, in  oddilion to the 4-speed. when slower rqm, dosirable when 
using down.lhe-hole tools, is required. 

-- - - - - - - - -- - 

......... HYDROSTATIC f luid motor flonge-mounted to o &speed Rotary speeds.. .O to 1 I1 rpm. 
ROTAl~ Ironsmirsion. lotory torque.. .......... 12.000 Ib. fl. at 11011. 

DRIVE 
(Optiontl)  

SUB Three-~hoft, choin drive. 
l o l l  beoring. I 

Oil both. 

Quadruple roller choin. W' (19.0 mm) pitch. Unitized assembly with friction clutches forf 
reciprocating pump. cenlrifugol pump, or small air compressor, i f  the drill is equipped 
with one or more of these oations. 

011 V-belt drive. 40-gol. (150 liters) per min. at 1000 psi (70.4 kg pe; sq cm) mo1. , 
PUMP 

CONTROLS Enginewed design. Conveniently grouped 01 driller's stotian, including sofety switch and engine stortar button. 

MOUNTING Truck of suitoble copocily. Specifications Truck engine powers rig lhrough power toke.off ond sub drive orrongemenl. Truck odes, 
depend on drill components selected. springs and tires must meet fedarol regulations pertaining to tot01 vehicle'weighls. 

WEIGHT Varies r i l h  truck and optional equipment. hont  ode, 9,000 Ibs.: reor snle, 18JOO Ibs.; total weight, 17.- Ibs. /12.460 kg). 
Minimum. rr . . 

...... 
T H E  GEORGE E. F A I L I N G  COMPANY. WHOSE POLICY I S  ONE O F  CONTINUOUS IMPROVEMENT. RESERVES THE RIGHT 
T O  DISCONTINUE MODELS OR CHANGE SPLCICICATIONS. DESIGN OR PRICES. AT ANY TIME. WITHOUT NOTICE A N D  
WITHOUT INCURRING ANY OBLIGATION TO MAKE SIMILAR CHANGES ON EQUIPMENT PREVIOUSLY PRODUCED. i . 

I GCMUIMC CARTS FOR ALL FAILINO AND/OR WAICO DRILLS ARC AVAILAILC FROM: 
LARGO. FLORIDA CUINFICLD. lMDIANA MOUSTON. TEXAS GRAND JUNCTION. COLORADO 
F O I L S 7  CARM GEORGIA CASCCR. WVOY ING OOCSSA. TCXAS SAM LCANDRO. CALIFORNIA EDMONTON. A L I L R T A  
NCW ORLLANU. LOUISIANA GRANTS. NCW YCXlCO ST.UIC)tACLS Y n  aLOOYINGTON. MINNCSOTA CALGARY. AL ICRTA 

GEO-RG.E E. FAILING COMPANY 
A DIVISION OF .AZCON CORPORATION 

ENID, OKLAHOMA 73701, U.S.A. 
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A p p e n d i x  D 
Well C o m p l e t i o n  R e p o r t s  L/ 

Test-Well H - 1  

\ 

T h i s  w e l l  was  d r i l l e d  i n  t h e  a l l u v i a l  d e p o s i t s  o f  t h e  
# 

C o l o m b i e r  R i v e r ,  t o  a t o t a l  d e p t h  o f  1 4 1  f e e t .  T h e  we l l  

e n c o u n t e r e d  r e l a t i v e l y  h i g h  p e r m e a b i l i t y  s a n d  a n d  g r a v e l  b e t w e e n  - 
5 e n d  1 0 2  f e e t .  Some i n t e r b e d s  o f  s i l t  a n d  c l a y  w e r e  i d e n t i f i e d .  

Be low t h i s ,  m o s t l y  l o w - p e r m e a b i l i t y  c l a y  w a s  f o u n d .  T h e  well  w a s  

c a s e d  w i t h  1 1 5  f e e t  o f  611 d i a m e t e r  s t e e l  c a s i n g  i n c l u d i n g  40  f e e t  

o f  h a n d  s l o t t e d  s c r e e n .  T h e  w e l l  w a s  s t e p - t e s t e d  a t  f o u r  

v d i f f e r e n t  p u m p i n g  r a t e s  r a n g i n g  f r o m  26 t o  233 gpm, a n d  t h e  w a t e r  

. . i s  o f  g o o d  q u a l i t y .  . '  

1/ W e l l  l o g s  a n d  c o n s t r u c t i o n  f e a t u r e s  o r e  g i v e n  i n  A p p e n d i x  C .  - 

8-1254 1 0  J u l y  1 9 8 0  



H-2 w a s  d r i l l e d  i n  

Test  Well H-2 

t h e  s o u t h e a s t  p o r t i o n  o f  t h e  s t u d y  a r e a .  

I t  w a s  d r i l l e d  t o  a d e p t h  o f  1 2 0  f e e t ,  t h e ' u p p e r  90 f e e t  o f  w h i c h  
1 

9 c o n s i s t e d  p r i m a r i l y  o f  h i g h  p e r m e a b i l i t y  s a n d  a n d  g r a v e l .  From 

T 
4 90 t o  1 1 0  f e e t ,  t h e  well  e n c o u n t e r e d  l i m e s t o n e .  The we l l  was 
m 

c a s e d  w i t h  102 f e e t  o f  6'' s t e e l  c a s i n g ,  i n c l u d i n g  40 f e e t  o f  h a n d  * 

s l o t t e d  s c r e e n .  S u b s e q u e n t  t e s t  p u m p i n g  i n d i c a t e d  a  d i s c h a r g e  o f  

24 gpm a n d  a s p e c i f i c  c a p a c i t y  o f  1.1 g p m / f t .  S a l t  w a t e r  u n f i t  

f o r  m o s t  u s e s  was  f o u n d  i n  t h i s  w e l l .  

8-1254 10 July 1900 



T e s t  Well H-3 

T h i s  w e l l  i s  l o c a t e d  a p p r o x i m a t e l y  1 k i l o m e t e r  n o r t h w e s t  o f  

Cabana Boeuf.  I t  was d r i l l e d  t o  a  d & t h  of  1 3 7  f e e t  and  

p r i m a r i l y  e n c o u n t e r e d  s a n d  a n d  g r a v e l  f rom 5 t o  6 0  f e e t ,  and  70 
, 

t o  95  f e e t ,  w i t h  c l a y  b e d s  be tween  60  and  70 f e e t  and  be low 95 

f e e t .  S t e e l  c a s i n g  c f  6"  d i a m e t e r  a n d  8 7  f e e t  w e r e  i n s t a 3 l e d  i n  

t h e  1 2 "  d i a m e t e r  and  g r a v e l  packed  h o l e .  Of t h i s ,  30  f e e t  was 

hand s l o t t e d  . No d i s c h a r g e  r a t e  f o r  t h i s  w e l l  is a v a i l a b l e .  

8-1254 10 J u l y  1980 



Test W e l l  H-10 

H-10 i s  l o c a t e d  i n  t h e  c e n t r a i  p a r t  o f  t h e  s t u d y  a r e a  s b o u t  

lOkm e a s t  o f  Anse Rouge . H-10 enco 'untered f i n e - t o - m e d i u m  

g r a i n e d  a l l u v i a l  s e n d  f rom t h ?  s u r f a c e  t o  a  d e p t h  o f  a ' bou t  85 

f e e t  (75-80 f e e t  on t h e  e l e c t r i c  l o g )  and  g r a y  c l a y s t o n e  f r o m  85 

f e e t  t o  t h e  t o t a l  d e p t h  o f  500 f e e t .  Drill c u t t i n g s  a n d  d r i l l i n g  

c h a r a c t e r i s t i c s  i n d i c a t e d  t h a t  t h e  a l l u v i u m  is  p a r t l y  c e m e n t e d  

w i t h  c a l c i t e  a n d  t h a t  t h i n  m a r l  o r  c l a c a r e o u s  s t r i n g e r s  o c c u r  

l o c a l l y  i n  t h e  c l a y s t o n e .  

No g r o u n d  w a t e r  was e n c o u n t e r e d  i n  t h e  c l a y s t o n e  i n  H-10, 

howeve r ,  s e v e r a l  d a y s  a f t e r  c o m p l e t i o n ,  m i n o r  q u a n t i t i e s  w e r e  

n o . t i c e d  t o  be  c a s c a d i n ' g i n t o  t h e  wel l  f rom t h e  a l l u v i u m  a n d  i t  
. . 

was d e c i d e d  t o  i n s t a l l  P V C  c a s i n g .  Due t o  p r o b l e m s  e n c o u n t e r e d  

w h i l e  i n s t a l l i n g  t h e  c a s i n g ,  a  new H-10 h o l e  was d r i l l e d  t o  a  

d e p t h  o f  215  f t  a p p r o x i m a t e l y  1 0 0  f t .  f rom t h e  o r i g i n a l  s i t e .  P V C  

c a s i n g ,  i n c l u d i n g  4 0  f e e t  o f  s c r e e n  was i n s t a l l e d  i n  t h e  wel l  t o  

a  d e p t h  o f  1 6 0  f e e t .  The c o n t r a c t o r  t e s t e d  t h e  w e l l  a n d  r e p o r t s  

t h a t  i t  c a n  p r o d u c e  200  gpm b u t  t h i s  f i g u r e  i s  b e l i e v e d  t o  be  

h i g h l y  e x a g g e r a t e d .  

8-1254 1 0  J u l y  1980 



Test Well H - 1 1  

T h i s  w e l l  i s  l o c a t e d  i n  t h e  R i v i e r e  C o l u m b i e r  b a s i n  i n  t h e  

e a s t  o f  t h e  s t u d y  a r e a ,  a b o u t  0 .8kn nor ' th  o f  H-1, c o m p l e t e d  

p r e v i o u s l y .  H - 1 1  e n c o u n t e r e d  a l l u v i a l  a n d  r e l a t e d  s e d i m e n t s  t o  a  
, 

d e p t h  o f  1 2 0  f e e t  i n c l u d i n g  v e r y  c o a r s e  a n d  p e r m e a b l e  g r a v e l s ,  

c o b b l e s  a n d  b o u l d e r s  f r o m  t h e  s u r f a c e  t o  a  d e p t h  o f  87  f e e t .  

From 1 2 0  t o  t h e  t o t a l  d e p t h  o f  1 6 5  f e e t ,  t h e  w e l l  e n c o u n t e r e d  

g r a y ,  c o m p a c t ,  low permeability c l a y  a n d  c l a y s t o n e  w i t h  s i l t s t o n e  

s t r i n g e r s .  

The wel l  was c a s e d  t o  a  d e p t h  o f  1 3 8  f e e t  i n c l u d i n g  60. '  o f  

f i e l d  s - l o t t e d  c a s i n g .  A s 5 x  h o u r  pumping t e s t  p r o d u c e d  9 0  gpm 

a n d  6 s p e c i f i c  c a p a c i t y  o f  7.5 gpm/ f t .  

8-1254 1 0  J u l y  1980 



Test W e l l  H - 1 2  

Well H-12 i s  l o c a t e d  i n  t h e  R i v i e r e  C o l u m b i e r  b a s i n  i n  t h e  

e a s t  o f  t h e  s t u d y  a r e a ,  a b o u t  2km s o u t h  of' S o u r c e  Chaude .  The 

well  was d r i l l e d  t o  a  t o t a l  d e p t h  o f  4 7 0  f e e t  a n d  i s  c a s e d  t o  310  

f e e t ,  i n c l u d i n g  1 0 0  f e e t  o f  s l o t t e d  c a s i n g  a n d  g r a v e l  p a c k .  

H-12 p e n e t r a t e d  55 f e e t  o f  a l l u v i a l  g r a v e l  c o n t a i n i n g  m i n o r  

w a t e r  b e f o r e  e n t e r i n g  O l i g o c e n e / M i o c e n e  c l a y s t o n e s  s i m i l a r  t o  ~ 
t h o s e  e n c o u n t e r e d  i n  o t h e r  w e l l s .  A t  a  d e p t h  o f  a b o u t  3 2 5  f e e t ,  

h o w e v e r ,  wel l  c u t t i n g s  b e g a n  t o  i n c l u d e  l i m e s t o n e  f r a g m e n t s  a n d  

f r o m  a b o u t  420  f e e t  t o  470  f e e t ,  l i m e s t o n e  i s  g e n e r a l l y  I 
p r e v a l e n t .  T h e s e  l i m e s t o n e s  p r o b a b l y  o c c u r  a s  t h i n  s t r i n g e r s  a n d  

i n t e r b e d s  i n  t h e  c l e y s t o n e ,  r a t h e r  t h a n  a s  a d i f f e r e n t  g e o l o g i c  

f o r m a t i o n ,  a n d  t h e y  a p p e a r  t o  c o n t a i n  g r o u n d w a t e r  a n d  may p r o d u c e  

s i g n i f i c a n t  y i e l d s .  One week a f t e r  c o m p l e t i o n ,  t h e  w e l l  was 

f l o w i n g  a n  e s t i m a t e d  1 - 2  gpm a t  t h e  s u r f a c e .  S u b s e q u e n t  pumping 

p r o d u c e d  a  y i e l d  o f  4 0 0  gpm w i t h  a c o r r e s p o n d i n g  s p e c i f i c  

c a p a c i t y  o f  1 0  g p m / f t .  



Test Well H-13 

H-13 i s  l o c a t e d  a t  t h e  b a s e  o f  t h e  m o u n t a i n s  n o r t h  o f  A n s e  

\ 
R o u g e ,  n e a r  S o u r c e  Tete Beouf ' ,  a  s u r f a c e  s p r i n g  w h i c h  p r o v i d e s  

d o m e s t i c  w a t e r  t o  A n s e  Rouge  e n d  i n t e r v e n i n g  a r e a s .  7 h e  w e l l  
, * 

e n c o u n t e r e d  a l l u v i a l / c o l l u v i a l  s i l t  a n d  f i n e  t o  medium s a n d  f r o m  

t h e  s u r f a c e  t o  a  d e p t h  o f  50 f e e t ,  u n d e r l a i n  by i n t e r b e d d e d  g r a y  

s i l t i t o n e s  a n d  s a n d s t o n e s  t o  a b o u t  1 4 5  f e e t  a n d  g e n e r a l l y  

u n i f o r m ,  g r a y ,  c o m p a c t ,  v e r y  f i n e - g r a i n e d  c l a y e y  

s a n d s t o n e s / s i l t s t o n e s  t o  420  f e e t .  The w e l l  was t h o u g h t  t o  h a v e  

e n c o u n t e r e d  m i n o r  g r o u n d  w a t e r  i n  t h i s  u p p e r  s e d i m e n t a r y  s e q u e n c e  

a n d ,  c o n s e q u e n t l y  t h e  u p p e r  4 2 0  f e e t  w a s  c o m p l e t e d  w i t h  s i x - i n c h  

t h r e a d e d  a n d  w e l d e d  s t e e l  c a s i n g  a n d  g r a v e l  p a c k .  A p p r o x i m a t e l y  

110 ' f e e t  o f  f i e l d  s l o t t e d  s c r e e n i n g  was  i n s t a l l e d  a t  v a r i o u s  

i n t e r v a l s  b e t w e e n  80 a n d  420  f e e t .  

The  wel l  w a s  d r i l l e d  a t  5 1/2" a n d  l e f t  u n c a s e d .  S i l t s t o n e  

a n d  c l a y s t o n e  o f  low p e r m e a b i l i t y  w e r e  g e n e r a l l y  e n c o u n t e r e d  

t h r o u g h o u t  t h i s  e n t i r e  i n t e r v a l  w i t h  few l i m e s t o n e  a n d  m a r l  

s t r i n g e r s .  M o d e r a t e l y  p e r m e a b l e  s i l t y  f i n e - g r a i n e d  s a n d  w a s  

e r l c o u n t e r e d  f r o m  442 t o  4 7 5  f e e t .  

Two w e e k s  o f t e r  c o m p l e t i o n ,  tlie f l u i d  l e v e l  i n  t h e  w e l l  w a s  

a t  a b o u t  2 5  f e e t  ( e s t i m a t e d ) ,  i n d i c a t i n g  t h a t  e n o u g h  w a t e r  f o r  a  

h a n d  pump may h a v e  b e e n  a v a i l a b l e .  However ,  s u b s e q u e n t  w e l l  

t e s t s  s h o w e d  n o  y i e l d .  

0-1254 1 0  J u l y  1 9 8 0  



Test Well H-14 

Well H-14 i s  located about 3km north o f  L'Arbre Village a n d  

about l k m  cast of Source Moule a ~ a n c h e t t k ,  a natural spring. 

T h e  well w a s  drilled t o  400 feet at 1 2  inches diameter and ;hen 

deepened t o  5 0  feet at 5 1/2 inches diameter, H-14 w a s  c a s e d  

with s i x  inch s t e e l  casing, including 2 0 0  feet of s l o t t e d . c a s i n g  

t o  a depth o f  4 0 0  feet. 

H-14 encountered 20 feet of alluvial silt underlain by l o w  

permeability, weathered (tan) and fresh (gray) claystones to a 

depth of about 5 3 0  feet. This z o n e  contained siltstone b e d s  

lccally a n d  a s a n d s t o n e / l i r n e s t o n e / m a r l  z o n e  from 4 3 5  t o  about 5 1 5  

feet. From 5 3 0  feet . t o  7 5 0  feet. well cuttings contained 

limestone chips which were numerous below about 625 feet. T h e  

limestones probably occur a s  thin interbeds in the claystone 

rather than a n  underlying geologic formation. 

Immediately after completion o f  H-14, with the drill s t e m  

still in the hole, t h e  w e l l  w a s  flowing 1-2 gpm out o f  the 

casing. A subseq~osnt four low test produced a continuous yield 

o f  75 gpm a n d  a specific capacity o f  0.65 gpm/ft. 

. 

8-1254 1 0  July 1980 



APPENDIX E 



Harza Engineering Company 
150 South Wacker Drive 
Chicago, I l l i n o i s  60606 

Gent Zemen : 

Please f ind  enclosed the r e s u l t s  of the Pump Tests and Well Develop- 
ments performed i n  the area of Plaine de l lArbre i n  Haiti .  

We a lso  include our invoice No. 3 f o r  the amount of $6,253.90. 

Considering the advance of $10,000.00 received by us November 8,  
1979, we now w e  Hacho a balance of $3,746.10. 

We are  keeping t h i s  balance a t  Hacho's disposal  awaiting your deci- 
sion regarding the  completion of the program. 

no;ing tha t  these reports w i l l  help you reach a decision we remain, 

T I  WATER SUPPLY S.A. 

January 22, 1980 

bite Postale 2075 Port-Au-Rince Haiti. W I .  Tele~hone 22205 Cable. HAITI WATER 
Telex: Ill 34903 1 7 KAWATER 



- 3 
Haiti 
Water Supply So A. January 22, 1980 

WATER RESOURCES HACHO 01 
EXPLORATION & WELL DEVELOPMENT PROGRAM 

FLAINE DE L'ARBRE - HAITI 
WEZL No. 1 ( u - 1 )  
Deve loprnent : 
1) Pipe installed 1OO1x$2.90 . $ 290.00 
2) Development by air 27 h x $38.40 1,036.80 
3) Pump Test: 

a) TesC Pump installed 350.00 

- 
b) Starting time Sat. 12/1 10.00 A.M. 

Stop time Tues. 12/4 10.00 A.M. 
72 h x $18.40 1,324.80 

4) Chemicals ,and installation 100.00 
5) Water analysis 80.00 
6) Plugging well 15' x $8.50 127.50 $3,309.10 

WELL-(FAO 
-Development : 
1) Pipe installed 70' x $2.90 203.00 
2) Development by air -34 h x $38.40 1,305.60 
3) Chemicals and installation 100.00 
4) Pump Test: 

A) Test Pump installed 350.00 
b) Starting time Thurs. 1/17 11.00 A.M. 

Stop time II I' 21.00 P.M. 
10 h x $18.40 184.00 

5) Water analysis 80.00 2,222.60 

WELLNO. 4 ( u - 3 )  
Development : 
1) Pipe installed 80' x $2.90 232.00 
2) Development by air 3 h x $38.40 115.20 347.20 

WELL No. 8 ( h - 7 )  
Refill well 150' x $1.50 

-L No. 9 ( ~ 4 )  
Befi 11 well 

,/- 
100' x $1.50 
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Water Supply S, A. 

June 24, 1980 

Harza Engineering Co. 
150 S. Wacker D r .  
Chicago, Ill. 60606 

A t t :  Alan H. Schu l t z  

Gentlemen : 

Please  f i n d  enclosed r e s u l t s  of wa te r  a n a l y s i s  f o r  Hacho 3 B ,  
Hacho 4B and AID #2. 

No t e s t  was run on A I D  #l because of the  i n s i g n i f i c a n t  amount 
of water  found i n  t h a t  w e l l .  - D r i l l i n g  i n  5 112" down t o  880' 
d i d  n o t  bring any p o s i t i v e  r e s u l t  t o  j u s t i f y  any pump test. 

Hoping t h a t  t h e s e  f a c t s  w i l l  he lp  you complete your r e p o r t  w e  
remain, 

Yours ve ry  t r u l y  1') 

/ 

Smarck Michel 

HAITI WATER SUPPLY, S .A.  

Ebte postole 2075 Port-Au-Prince Halt1 W I. T9lephone 22205 Cebi? HC.oT9 vVATER 
idex. ITT 34903 1 7 HAWATI iR 



Wakr Supply S, A. 

HACH 2 B (H - 10) 

....... D r i l  12" Dia. Hole ,215 f t .  
I n s t a l l  4" PVC............lZO.ft 
I n s t a l l  4 PVC screen.......40.ft ............... Gtavel Pack 160 f t .  

Note: Because of the amount of time HACH 2 B was l e f t  open, some problems 
were encountered while trying. to i n s t a l l  PVC. We move over about 
103 f t .  and d r i l l  another hole to  a depth of 215 f t .  
Blowed well  out; the well should produce 200 G.P.M. 

ki te Postole 2Q75 Port-Au-hnce Holtl. WI, 0 Tele~hcne 22205 . Cable &:T. ~ A T E R  
Telex: ITT 34903 1 7 HAWATER 



Q Haiti 
Wakr Supply Sl A. 

PUMP TEST HACH 3B ( \I - I\) 

Water l e v e l  befare t e s t  73 f t .  
3 HP. pump s e t  t o  depth o f  147 f t .  
Draw dawn a f t e r  30 min. t o  85 f t .  
Pump had a pumping capacity a t  t h i s  depth with  2" discharge o f  90 G . P . M .  
Pumped f o r  6 hrs .  - water l e v e l  check a t  85 f t .  

HACH 3B should produce 200+ G . P . M .  



Water Supply S. A. 

PUMP TEST HACH .4B ( H -12) 

Water Level  be fo re  t e s t  - flowing 
Pump set a t  200Ft. 
G.P.M. max R.P.A. (1800) 350 G.P.M. c o n s t a n t  
Water l e v e l  checked a f t e r  l h r  40f t .  

Pump set t o  a depth  of 150 f t. 
Water l e v t l  recovered t o  5 f t ,  i n  1 h r .  
Water l e v e l  a t  begining of test 5 f t .  
G.P.M. 450 a t  begining drop t o  400 a f t e r  30 mins. 
Water l e v e l  checked a f t e r  30 mins. 35 f t ,  
Pumped a t  t h i s  l e v e l  2 hre .  

Pump set a t  100f t .  
Water l e v e l  be fo re  t e s t  15 f t .  
G.P.M. 500 a t  begining droped t o  400 G.P.M. i n  30 mins. 
Maintained 400 G.P.M, f o r  dura t ion  of t e s t  
Pumped 2 h r s .  

Conclusion : Well w i l l  produce 400+ G.P.M. w i t h  pump depth s e t t i n g  of 175 f t .  
Water good f o r  human consumption. 



1 Wakr Supply SA. 

A . I . D .  # 2 

Water l e v e l  before  t e s t  flowing 
240 f t. , 3" Galvanize screen i n s t a l l e d  i n  w e l l  
Blowed v e l l  a t  1_00 f t .  wi th  650 CFM a i r  conpressorL s t a r t e d  a t  40 GPM f o r  
about 15 mins. , then 'draped t o  about 25 GPM 
BZowed a t  t h i s  Level f o r  1 hr. 
Wnter l eve l  check a f t e r  1 hr .  - 83 f t .  
Note; A draw down of 83f t. 

2. Blowed a t  150 f t .  
About 60 GPM 
Blowed f o r  4 hrs. 
GI% droped soze (3aybe to  40 Gw) 
Water checked a f t e r  1 hr .  90 f t .  
Water l e v e l  check a f t e r  4 'hrs. 93 f t. 

3. Blowed a t  200 f t. 
About 75 GPM 
Blowed f o r  4 hrs.  

% Water a f t e r  1 hr. 110 f t .  
Water l eve l  a f t e r  4 h t s .  115 f t .  

Note: Water has s o m e  s a l t  i n  it! 
Conclusion: Well should produce a t  l e a s t  75 G.P.M. wi th  pump s e t t i n g  of 200 ft, 
OK f o r  crop i r r i g a t i o n ,  no t  good f o r  human consumptim. 



January 25, 1980 

Harza Engineering Company 
150 South Wacker Drive 
Chicago, I l l i n o i s  60606 

Gentlemen: 

Please f ind enclosed the water analysis  r e su l t s  t o  complete the 
report on Water Resources Program of Plaine de 1'Arbre. Haiti. 

Yours truly,  

eoite Postale 2075 8 Fort-Au-Prince Halt~. W.I. Telephone. 2220.5 Cable. HAT WATER 
Telex: IT ; ) .  



GLADYS ELlE LAUTURE M. T. 
H - 

I 
(31AMP DE MARS 29 - Td. : 2-3329 i. 2-0578 

I 
MARLENE SIMON LIAUTAUD M. D. 

. - 
I ' 

\ 

.......... ............. Date : 

Patient : ......... 
BACTERIOLOGIE 

.................................................. .................................................................. Specimen Soumis ........... A.. 7.. 
O l n p t e  dm &lodes Micmbivnnes .L.. .&?&.../* ..... d.u-..- .....-..-. Normale < 100.000/ml d'urine 
(&ra t ion  de Gram ............................ ; ..................... : ................................................................................................. 

Jc%ii..!.g I ~ ~ ~ ~ ~ : . ~ ~ ~ ~ ; ~ ' ' :  '..ii * ' .............-. r...-......-.......-..........*...............................................*~..........---.-- 
, +. 

V-..................*. 

............................. .................. "...""" ; 

Coutte Pendante ................................................................................................................. 
.................................................................................................................. 

.. : I . .  r:!.p, 1 Recherche du Bacille de Laf f l e r  (coloration dVA]bert) ................................. r .......-... ---,e..,--+ . ...-.---.-.--...-....---....-.. - - . .  - - . - . -  
Recherche de R.K: a) coloration de &hl Neekn  ..................................... . . . . .  ~ ~ ? i . . ~ t ~ ~ + ~ - . - . . - - - -  ............................................ 

b) 'hlkthodc par la Fluorescence ................................... ....................................................... - ................................................... Culture BK sur Lowenstein apr& 8 $em Jnes ............................................. -4 ....,.. P~.:~:: . .  
-.I - -. L .  . . .  ..; -.------ - Recherche de Triponema Pallidurn par Fluorescence ............................................................................................................ 

.""'.."."""'.." E x m e n  mycologique 
...... ........ Culture : organismes isolis : ...... ....................... 

ANTIBIOGRAMME 

1.- Acide MandiJique 
2- Acide Ndidisique 
3.- Acide Oxolinique 
4- Ampicillin 
5.- Bacitncin 

a- a c t r i m  - Septrin 
7.- C-rrbenicillin 
&- Gphdosporin 
9.- (hlonmphbnicol 

10.- aindarnycin 
11.- Qoxacillin 
12- rrrlistin 
13.- Dicloxrcillin 
14.- Ey thmmycin 
iS.- Centrmycin 

;rbtomycin 
7.- Hetacillin 

Remarques 

Sensible - 
................. 
................. I 18.. Kanamycin 

19.- Liicomycin 
20.- Neomycin .--..... ......-- 
21.. Nitrofuncin ................. 
22:- Nitrofuradantin -..- ............ 
23.- Nitrofuroxone ................. 
24.- Novobiocin 

"..."'t ...".. 't." ..... t't'.t't'..t'ttt.ttt..~ 
26.- Penicillin 
27.. Polymixin B 
28.- Sisomycin 
29.- Spiramycin 
30.- Streptomycin 
31.. Sulfonunides 
32- Tetracycline 
33.- Tobrrmycin 

................................. ...-.a. t t t t f  

Sensible 



GLADYS ELIE LAUTUHE M. 7'. 
I 

( 3 1 M  DE MARS 29 - Td. : 2-3329 - 24578 

I 
MARLENE SIMON LIAUTAUD M. D. 

Sewice du ...................... 
Patient : 

BACTERIOLOGIE 
Specimen Soumis ..................................................................... 
Compte A n  &lodes Microbivnnes ...... ....... ............... Nomale  < 100.000/ml d'urine 
Cdoration d e  Cram ......................................................................................... p,.,+q..it.,r!".w7r:F ......................... 

& ... . . . a , . . . .  J . .  * -.- ............. L. C.... ............................................................................................................................................................ 
.................--............-...--.-.-...-............................................................. -.......- 
Gouttr Pendante ...................................................................................... 

Recherche du Bacille de Lwffler (coloration d'Albert) .................................... .--...... 
:,, ' l a  *'P - Recherche de B.K: a) coloration d r  Ziehl Pieelsen .......................................... .,.,.A.&~uuA ............ ................................... 
.L. b) M6thode par la Fluorescence ...................................... cr~,~,~i;4 ...................................................... 

Culture BK sut Lowenstein aprks 8 semdncs ................................................ $$y+~+.~+lT ............................................. .- . 
Recherche de Triponema Pallidurn par Fluorescence ............................................................................................................ 

ANTIBIOGRAMME 
Sensible Sensible 

1.- Acide cM.ndClique 
2- Acidc Ndidixique 
3.- Acide Oxolinique 
4- Ampicillin 

5.- Bacitncin 
6.- h c t r i m  - Septrin 
7.- G r b a i c i l l i n  
8.. Gphdoepor in  
9.- Qllonmphinicol 

:O.. Qindrmycin 
.I.- Qoxrcillin 
2- W i t t i n  
3.- Dicloxrcillin 

Remarques 

18.- Kanamycin 
19.- Lincomycin 
20.- Seomycin 
21.- Nitrofuncin 
22:- %bofuradantin 
23.- Nitrofuroxone 
24.- Novobiocin 
25.- Oxrcillin 
26.- Penicillin 
27.- Polymixin B 
28.- Sisomycin 
29.- Spiramycin 
30.- Streptomycin 
31.- Sulfonunida  
32- Tetrrcycline 
33.- Tobnmycin 





Harza Engmeering Co. 
150 S. Wacker D r .  
Chicago ,, Ill. 60606 

June 24, 1980 

Att:  .Alan H. Schultz 

Gent 1 emen : 

Please  f i n d  enclosed r e s u l t s  of water  ana ly s i s  f o r  Hacho 3 B ,  
Hacho 4B and AID #2. 

of water found i n  
d id  no t  br ing any 

No t e s t  was run on A I D  81 because of the  i n s i g n i f i c a n t  amount 
t ha t  well .  D r i l l i n g  i n  5 1/2" down t o  880' 
pos i t i ve  r e s u l t  t o  j u s t i f y  any pump test. 

Hoping t h a t  ttipse 
remain, 

f a c t s  w i l l  he lp  you complete your r e p o r t  w e  

Yours very t r u l y  - 
HAITI WATER SUPPLY, S .A. 

We Postole 2075 Port-Au-Prince Hc , W.I. Tc 
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1 

GLADYS ELlE LAUTURE M. T. 
d 

=AMP DE MARS 29 - Td : 2-3329 2-0578 

. '  
MARLENE SIMON LiAUTAUD M. D. 

il 

Service du Dr. : ... .... ... ....... ,..... ..... .. .......... .. ........ .. ...... ...... .... Date : .. .... ... 
patient :...HB...d!df ....... 3.m ................................... 
specimen soumis ........... L.fZ .......................................................................................................................... 
6 m p t e  des &lodies Wcrobit!nnu ...... ~ ( % ! . 3 ' a . 4 ? , & . . & . / / ~ . ~  ............. .........& < loo.mo/ml 
Cn,lorarjon: de Gram ........................................................................................................................................................ 
....*........ .. .................................................................................................................................................................. 

................................................................................................................................................................................ 
G o u t ~ e  Pendante ............................................................................................................................................................ 
.................................................................................................................................................................................... 
Recherche du Bacille de Lal'flcr (coloration d'Albert) ......................................................................................................... 
Recherche de B.K: a) coloration de Ziehl Neelrcn .......................................................................................................... :... 

b) hlCthode par la Fluorescence ............................................................................................................ 
Culture BK sur Lowenstein rprb 8 rcmliner ...................................................................................................................... 
Recherche de Triponema Pallidurn par Fluorescence ............................................................................................................ 
Examen mycologique I.. ............................ -..- ........... ... ......-...-. ...... .......... ;..- ........... ....... .... ... .... .- 

...................... culture : organirrner W ~ S  : ....... 

1.- Acide Mandilique 

2- Acide Nalidixique 
3.- Acide Oxolinique 
4- Ampicillin 
5- Bacitncin 
6.- Bactrim Septrin 
7.- Grbenicillin 
8.- Gphalorporin 

9.- Chlonmphinicol 
10.- Qindamycin 
11.0 Qoxacillin 
12- Colictin 
13.- Dicloxacillin 
14.0 Ey thromycin 
15.- Centamycin 
16.- Cabromycin 
17.- Hetrcillin 

' . 
................................ ...."............ 
r.......... ..n.........*..-&................". 

.......a ......... 

..... 
. .  

........... ..". 

I.......- 8 

I.... 

..........I.. "en. ......a. 

.. "......I ......... ." .... I 

...a*. "....I... ..... 

..... 
.. r.............. .. 

.... .... ......I 
I I 

18.. Kanunycin 
19.- Licomycin 
20.- Neomycin 
21.- Nitrofurwin 
22,- Kitrofurrdantin 

23.- Nitrofuroxone 
24.- Novobiocin 
25.- Orrcillin 
26.- Penicillin 
n, polyrllixii B 
28- S h m y c i n  
29.- Spiramycin 
30,- Streptomycin 
31.- Sulfonrmidu 
32- Tetracycline 
38. Tobnmycin 

Sensible 

R 1+ 2+ 3+ 4+ 1 

.d"....".. 

...-.. ".." 

...... U.." 
n.. .... " 
.... ".... 
.."".." 
H...... 

....-....I..".... 

I""".. 

.. ..".... 
... 

... 

... .... "... ... 

.. .... 
I."...... U 

...... .. 

........ " 
....I.......... 

.." ...... 
"...................*.... 

n .... .... 
I" 

...... 

................ 

........................ 

............................ 

v..................... 

.........I.............. 

.......................... 

........................ 

.......................... 
,........I.................... 

n.. 

........................ 
.. 

). 

........................................ 
n .... .. 
.. 
.. .... 
.... 

...... 
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GLADYS ELlE LAUTURE hl. T. (31AHP DE MAUS 29 - Td. : 2-3329 L- 24578 MARLENE SIMON LIAUTAUD hi. D. 

Sewice du Dr. : .- ......................................... .. ............ .... ........ Date :.......A// ........................ .... / ' f a  
............ .......... ........... patient  he.^ d..B b 

................................................... specimen soumil ..............+A& ..................... .................................................. 
.. ............................... &mpte d ~ . .  &lodies bljcrobi~!nner .... ZZc??, B E R . . . / . ~  NonnaI < 100.0001ml d'urine 

C<loration de Gram ................................ : ........................................................................................................................ 
.em...... ...-.. .................................................................................................................................................................. 
................................................................................................................................................................................ 

............................................................................................................................................................ Goutte Pcndante 
.. .................................................................................................................................................................................. 
Recherche du Bacille de Loeffler (coloration d91\lbert) ......................................................................................................... 
Recherche de B.);: a) coloration de Ziehl Neelscn .......................................................................................................... :.- 

b) Xlithode pa; ]a Fluorescence ............................................................................................................ 
Culture BK w r  Lowenstein a?;& 8 semajncs ....................................................................................................................... 
Recherche de Trlponerna Psllidum par Fluorescence ............................................................................................................ 
Examen mycologique ............... .................................................. "...... ................ ............................................ 
~ u ~ t u r e . :  orpnismes VOI;. : ..... Fs~&~&A&&& ........ &&- / ........................ 

Acide 
2. Acide Nalidixique 

3,- Acide Oxolinique 

4. Ampicillin 
SP Brcitncin 
6,. k c t r i m  - Septrin 

7:- Grbenicillin 
8*- Cephalorporin 
9.0 Chlonmphinicol 

10.- aindrmycin 
11.-' Qoxacillin 
12- Colirtin 
13.- Dicloxacillin 
14.0 Erythromycin 
13.. Gcntrmycin 
16.- Gabromycin 
17.- Hc~ci l l in  

Sensible ' 

R 1+ 2+ 3+ 4+ , 

18.- Kanrmycin 
19.- Lincornycin 
20.- Neomycin 

21.- Nitrofurrcin 
22:- Kitrofuradantin 
23.- Nitrofuroxone 

24.- Xovobiocin 
25.- Oxrcillin 
26.- Penicillin 
27.- Polysixin B 
28.- S h m y c i n  
29.- Spiramycin 
30.- Streptomycin 
31.- Sulfonrmida 
32- Tetracycline 
33.- Tohrunycin 



a, CHAMP DE MARS - =ONE : 2-ws - 2-on8 
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GLADYS ELlE LAUTURE hl. T. 
# 

- - 
I 

aAM? DE MARS 29 - Td. : 2.3329 L 2.0578 hl ARLENE SIMON LIAUTAUD M. D. 

Service du  Dr. .............................. .. .................... ................... Date :... -...".. 
....... Patient : A%'........ # .... A ............... i ................... 

Specimen Soumis - A& .......................................................... : ...................................................................... ......... 
.... b m p t e  der Glodiea  .Micmbic!nnu &.S%.&?& ..... /ad A... ..................... < 100.mO,ml d'urin. 

J 
Qloration de Cram ................................................................................................................ 1 ....................................... 

Goutte Pendante ............................................................................................................................................................ 
.........................._................................................*........................*................................................................................. 
Recherche du Bacille de  Lwffler (coloration #Albert) ......................................................................................................... 

.................. Recherche de 0.K: a) coloration de Ziehl Neclsen : .................................................................................. ...:... 
b) hldthode par la Fluorcrcence ............................................................................................................ 

Culture BK sur Lowenstein apr& 8 umajneo ...................................................................................................................... 
Recherche dc Triponema Pallidum par Fluorescence ............................................................................................................ 

1.- Acide MandClique 

2- Acide Ndidixiquc 
3.- Acide Oxolinique 
4- Ampicillin 
5.- Bacitncin 
6,- b c t r i m  Scptrin 
7:- Crrbcnicillin 
8.- G p h r l o ~ p o r i n  

9- ~ o r a m p h d n i c o l  
10,- Qindamycin 
11.- Qoxrcillin 
12- Cdistin 
13.- Dicloxocillin 
14- Ey thromycin 
15.0 Centamycin 
16.- Clbromycin 
17.- Hctacillin 

Sensible 

F - 4  .................... C... 

............ -.. 
18.- Kanamycin 
19.- Lincomycin 
20.- Neomycin 
21.0 Nitrofurrcin 
22,- Nitrofuradmtin 
23.- Nitrofuroxone 
24.- Eiovobiocin 
25.- Oxocillin 
26.- Penicillin 

". .... *.." 
..... .... 
...I.... 

.".."I 

.. 
n... ........ 

........ 

t.."..'t ....... t'" ...... t" ...I "t........~ 
27,- Polyn\ixin B 

.................................. 

.......................... 

........ .-I... ........ 

..... ... ." ......a. ..". ...I.... ..... " 

........ ........ u..... ....a " ........ 

..........I..... ..... ". ....... ........ 

............... .....". ....... ... ..... 

........ .. .......... ... ....... .n..... 

........ ........ I....... ...I.... ".... t ! l R ,  

28.- Sisomycin 
29.- Spiramycin 
30.- Streptomycin 
31.- Sulfonrmider 
32- Tetracycline 
33.- Tobrunycin .......................................... 

.... .... 

.....I....... ........ 
I 1 I 1 I 

m......... 

1 '* 

".... 
"... ..-.. 

.... 
........ ".... 

.. ".. 

" I 

..-...... 
n...... 

Remarq uer 6 \ 


